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* Pounds, Shillings, 1 eare; 


and Farthings; 


| Without charging the Memory, diſturb- 
v' he Mind, or expoſing the Opera- 

ing the Mind, or expoſing the Opera 
tor toany uncertainty ; - Which no Me- 
thod hitherto publiſhed, can juſtly pre- 
tend to, 


Invented and Preſented to His moſt Ex. 
cellent Majeſty CHARLES 11. King 
of Great Britain, France,and Treland,&c. 
1066. 


By S. MORLAND. 
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And by the importunity of his very good 
friends, made publick 1672, 
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FOR 
OPERATION: 


which Inſtrument muſt be held in the Lefe 
hand, and the Index or blew Pin 7n the 
Right hand, as men uſually hold a Pen, bus 
ſomething more upright or perpendicular. 


N thoſe five upper Plates, (in every 
of whick there are 10 ſmall holes } 


dex into the (©) of the ſmall Plate above it ; and 
then, if you would prepare the Inſtrument for Additior, 
turn about that ſmall Plate, till o ſtand juſt under that 
L ize or mark in the upper Plate which is on the Right- 
hand, thus 4 4s in Fig. A. But if for Subſtrattion, 


then turn © on under the Left-hand line or mark, thus 


© 2 4S1n Frg, D. 
Aﬀter the very ſame manner are all the lower plates 
m of Shillings, Pexce, and Farthings to be diſpoſed ; Re- 


membring onely that in the place of Shillngs, where 
(20) is the number, the Gomplement to (3) is (19) 
And in Pence, the Complementro (3) is (9) And 
in Farthings, the Complement to (3) is (1) And 

A 3 thus 


(2) 


thus are all the Plates fitted for Operation as 1n 
gz. A, 

Gps is likewiſe to be obſerved before the Inftru- 
ment is ſet: If any of the Plates with Holes ſtick, and 
will not turn about forwards, it is becauſe neither (0) 
nor any Figure of the ſmall Plate above it is under the 
Right-hand-/ixsor mark. And if they will nor turn 
backwards, it is becauſe neither O, nor any Figzre of 
the ſmall Plate aboye it is under the Lefr-hand-/ize or 
mark, And laſtly, if the ſmall Plate above will not 
move, it 1s becauſe no Hole in the lower Plate is di. 
realy under the Window, 


The Operation of Addition, 
Let the Sums to be #dded together,be theſe: 


I, þþ. d. f. 
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4646——12-—— 3 3 

Firſt I ſet on 7 !. that is, T put the point of the Index 
into the hole of the place of Unites of Pounds, which 
1s over againſt (7) inthe Margent, and turn it nnder 
the Window, After that, I turn on ( 14) in the place 
of Shillings ; (3) inthe place of Pence; and-(1) in 
the place of Farthings, 

Again, as to the 2 Summe, I ſet on (48) thus, 
namely, (4) inthe place of Texs, and (8) in the 
place of Urzites : As likewiſe 11 inthe place of Shillings; 
(10) intheplace of Pexcez and (1) in the place 
of Farthings. And having ſet on all the Summes in the 
manner and method aforeſaid, they will appear on the 
Inſtrument as in Fig, B. 

[n fine, to perfe& the Operation, I begin with the 
place of Farthings, and becauſe the Figure (1 ) of the 
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Plates oyer head ſtands berween the two Lines or Marks, 
therefore I turnon (1) in the place of rex:e, And 
becauſe (2 ) is between the two Lines in the place of 
Perce, I turn on (2) inthe place of Sbillmgs : And 
becauſe ( 2) is between the two Lines in the place of 
Shillings, Iturn on (2) in the place of Unztes of 
Pounds, Thus, for (2) between the two Lines in the 
| -20ny of Unites of Pounds, I zurn on 2 in the place of 

ens, And for (1) in the place of Texs, I turn on 
C 1 ) in the place of Huxdreds, Which done, the true 
Summe or Agoeregat of all the Summes, appears in the 
ſeveral Windows viz, 4646 1. 125. —3 4, 3 f. 
As in Fig. C. The ſame thing may be performed by ad- 
ding together, Firſt the Farthings apart, then the Pence, 
next the Shillings, and laſtly the Pounds. 

If peradventure the Summes are ſo numerous, as that 
by often turning of the Plates with holes, the ſmall 
Plates above them are like to be over-charged, Thar 
is, if the Figure (7) (8) or (9) of thoſe ſmall 
Plates come between the 2 Lines or Marks, then I diſ- 
charge them, by turniug on the ſame numbers in the 
next places :: For example, if the Figure (7) of the 
ſmall Plate above the place of Farthings, be under the 
Line, Iturnon (9) mtheplace of 2 exre, If the Fi- 
eure (7) of the ſmall Plate above the Pence be berween 
the two Lines, I rurnon (7) 1n the place of 5b! ings, 
and fo to the end, And laſtly, I turn O of each 
ſmall Plate under its proper Lime, And hen proceed 
( withour ſetting the lower Plates ro ( ©) or at all 
altering them otherwiſe than aforeſaid ) to ſet on the 
remaining Summes, to a Million of Pounds, ( Or if it be 
deſired, the Inſtrument may be made for a far greater 
Summe,) Burt the ſureſt way, isto divide a long Page 
into two or three parts, and ſo ta york them diſtin&- 


ly. 


The 


(4) 
The operation of Subſtraction. 


Having prepared the Inſtrument for Subſtraffior as 1s 
before dire&ecd, ſuppoſe I would from 327 !,-12 5,-07 d. 
deduRt391.-143,- 3d, : | 

Firſt, I ſeton 3271, -12 5, 7d. in their proper places, 
Then I begin with 3 d, of the Summe to be deducted, 
and ſer it backward, That is, I put the point of the 
Tudex into the hole under the Window of Pence, and turn 
it till it tand over againſt ( 3) inthe Margent, which 
will leave (4) in that Window, Thus I ſet 14 s, back- 
wards in the place of Shill-zgsz And thus (39) inthe 
Vnites and Tens of Pounds, And having ſo done, I ob- 
ſerve if any (©) of the ſmall Plates over head be remo- 
ved from under its Line (as in Fig. D. in the place of 
Sbillings, I find the ſmall Plate over head moyed ) I pur 
the point of the 7xdex intothat hole of the next place, 
that is under the Window, and turn it backwards under - 
(1) inthe Margent. Aﬀer the ſame manner, becauſe 
the ſmall Plate over the place of Unites of Pounds is re- 
moved out of its place, I ſer back for it (1) in the 
place of Texs ; And fo likewiſe, becauſe the ſmall Plate 
over the place of Tens is removed, I ſetback (1) in 
the place of Hundreds, Which done, the remaining 
Summe, viz. 2871. -=18 5.- 044, is found in the re- 
ſpetive Windows, As in Fig. E, 


(5) 
The Deſcription and Uſe of an 
Aadditiona! wheel . applicable to 
this New INSTRUMENT , 


for all thoſe who ſhall defire it, which 
renders it uſeful, beyond exception, for the 
longeſt Accompts, without either dividing 
the Page, ot ſetting © of any of the ſmall 
Plates under their Lines a ſecon41 time, 


Ut foraſmuch as it may and will often happen, in the 
adding wp long Pages of Accompt-Books, That the 

mall Tlates will be over=charged ( and that more than once 
in a Page ) which may te ſomething troubleſome 10 the Ope= 
rator ; Therefore I have c:mrived an Additional Wheel, as 
i Fig, F, ſ» that no one or two Pages of any Accomprt- 
Book what ſoevver can. overcharge it : all the difference 15 0 
ly this, That what Fignre ſoever of this Wheel is found op- 
poſite to the Line ( or mark) aboveit, it muſt be ſet on 
( 2201 in the next place, but) in the next place ſave one, in 
the manner following : That is 10 ſay, The Figure of the 
Small Wheel above the Parthings, oppoſiteto the Line above 
WK, muſt be turned off in the place of Shillings. The Figure 
of the ſmall Wheel above the Pence, oppoſite to the Line 
above it, muſt be 1urned off 'in the place of Unites 
of Poutids, And if any Fignre of the ſmall Wheel 
be balf a diviſion beyond the ſaid Line, there muſt be 10 
3urned off for it in the place of Shillings, (which 3s the great-= 
eſt intrigne in 1he whole Operation, For, ) The Figure ofthe 
ſmall Wheel above the place of Shilline's oppoſite to the Line, 
muſt be turned off in the place of Tens of Pounds. The Fi- 
ure of the ſmall Wheel oppoſite to the Line, in the place of 
Unites of Pounds, znuſt be turned off in the place of Hun= 
dreds, Laſtly, the Figure of the (nall Wheel oppoſite to 
the Line, above the place of Tens of Pounds, mxſt be turn- 
ed off in the place of Thouſands ; and fo to the end, as in 
Fig. G, So that by the addition of this ſmall WR a 
| place 
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place more 35 gained, and the 
world add up an 


76534-13-03-3 
76534-10-11-2 
85637 -14-05-1I 
93792-I17-10-3 
74379-09-08-3 
85466-19-I10-2 
72954-10-04-2 
GI117-16-08-3 
$2252-16-06-3 
65577-15-05-3 
42573-15-92-3 
72576-19-09-2 
69955 -17-11-3 
r bo / £ Sint ber th 
$5855-04-10-3 
98888-14-06-2 
97744 -16- 07-2 
$9257 -52-04-3 
23379-I16-II-3 
64549-19-08-2 
97892 -14-06-I 
85678 -19-10-1 
976644 -08-06-3 
5$6279-13-03-2 


Accompt of 


Inſtrument, if #eed were, 
Ten Millions of Pounds, by 


:be Example,compared with Fig,G,will more evidently appear, 
EXAMPLE. 
] . S, d - *p b Ss d . q. 


45772-15-95-3 
56572 -17-10-2 
67699-14-11-2 
71578-18-08-2 
89979-I19-10-3 
97979-0I-06-3 
95878 -o08-II-2 
86788-10-09-1 
99678 -I13-10-2 
89485-17-06-2 
47632-16-03-L, 
57416-15-09-3 
625179-14-07-3 
74528-13-11-2 
43215-12-05-2 
67742-I1-08-3 
354198-09-04-F' 
92261-0I - 09-3 
44415-I2-06-3 
43324-14-03-L 
3733S-02-II-2z 
345I2-19-04-2 
56735-17-02-3 


3283761-11-06-1 


ad dim... 
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Machina Nowa 


CYCLOLOGICA 


Pro Multiplicatione. 
OR, 
A new Multiplying- 


INSTRUMENT: 


Invented, and humbly preſent- 
ed to the Kings moſt Ex- 
cellent MAJESTY 


CHARLES IE 


By S.MoRLaND,1666. 


He Fabrick of this Inſirument be= 
| ing truly repreſented in Yor ponct 
| aſl 7ve, there will be no need of any 
n (i, V —_ Deſcription of it, 
UNSSH The 5 upper Circles wherenn 
Wy are the Figures DIE I re- 
I preſent 5 moveable Plates which 
lie always ready to be taken off 
_ the 5 Semi=circular Pinions (or 
Centers) $,T, V,W, X,and to be ſet on any of, or all 
the Centers (or Semicircular Pinions) a, e, mm, 2, 0, Þ3 
unterchangeably, And underneath each of rboſe upper 
p 5 Plares 
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(9) 
The Multiplying Inſtrument, 


Þlares aforeſaid,, are placed 5 other Plates of the ſame 
dimenſions, and with the ſame Figures grayed on both 
des; ſo that of theſe upper Plates there are 30, that 
is to ſay, Six of each kind, beſides 5 othet Plates uii- 
der the place marked , which ſerve for extraQing the 
Square, Cube, and Square-Syquare-Roots, of which 
in its place. | 

E. F, is a Line divided into 9 equal Parts, on which 
runs a ſmall Black Pin or Index forwards of backwards 
at pleaſure, being turned about by J, H, which is like 
to the Key of a Watch, : 

Laſtly, PM is a Plate opening with hinges, and ſhut < 
ting down upon the lower Circular Plates, and a little 
Bolt ar R, locking it cCown, which Plate has 6 ſquare 
holes ( or foramina ) ——__ which are diſcovered ſuch 
Figures onely, as are neceſſary for the operation, 

K, L, M, is a long Rack on the back{ide of the In- 
ftrument, by which all the Plates are turned about on 
the Pinions a, e, m,n, e, The meaning of all which is 
this, The Inſtrument 1s to be pos vn as it is repreſent- _ 
ed. in Figure A ſave onely that there are as yet no Cir- 
cular Plates taken off the Semi-circular Pinions S,T,U, 
w, X, and that the number given to be mulriplied is 
(1734, » Then one of the Plates marked Þ is firſt to be 


taken off the Pinion x and ſet on the logger Semi-circy= 
lar Pinion (r ) which is the furtheſt on the right band. 
Afterwards one of the Plates marked } is to be taken off 
the Pinion Wand ſet on the Pinion (0) riext to the other, 
' Thirdly, one of the Plates marked Z is to be taken aff 
the Pinion V ahd ſer on the Pinion (n.) ; 
Laſtly, ohe of the Plates marked q is to be taken off 
the Pinion T, and ſer on the Pinion (m) Which 
done, the Plare P Y. is to be ſhut down, and then will 
appear the number 1734 through the h6les, as in Fig. & 
a this is all the trouble of the Lnſtramenr in this ar 


Any. aperation, | 
OP R 3 The 
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(10) 


The Multiplying Inſtrument, 


The Figure B repreſents the very ſame poſture of 
the Inſtrument in the foregoing Figure A ſave one- 
ly that the Plate P 2 is now ſhut down and lockt 
upon the four lower circular Plates marked on the 


former Figure A with the large Figures 3 73.3 which 


was in effec, a preparation for the Multiplication 
of the Number (1234) which Number now ap- 
ears through the ſmall holes or foramina of the {aid 
Plate P Q hiding all the other Figures from the 
Eye of the Operator, In which particular this 17 
ſtrument far ſurpaſſes the Lord Napiers Lamina or 
Boxes, which expoſe a great number of Figures to 
the Eye at the ſame inſtant of time (as well thoſe 
that are not uſeful as thoſe that are) beſides thar 
all the Figures in thoſe Bones are placed Diagonally, 
which does very much ſtrain and force the Eye of the 
Operator z Whereas in this they lie all in a ſtraight 
Line, and as diſtinQly as can be deſired. 
The Inſtrument being diſpoſed as aforeſaid, ſup- 
ſe the given Number 1734, be to be multiplied 
y 24. I firſt ſet it down in Writing thus 1924 
2 4 
then firſt I turn then Hand or Key GH till the Index 
point to 4 in the Line EF fo have I the firſt Produt 
( $936) gtven me in the Windows or Foramina of 
the Plate P©, asin Fig, C which I ſet 
down thus 1934 
This done,I turn the Hand or Keyback- 24 
ward, till the Index point to the Figure '6g3 6 


(2 )intheLine E F and in the Holes or 3468 
Foraming of the Plate P 2 (in Figure D.) 41616 
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(17) 
The Multiplying Taſtrument, 


The Second Produ@, viz, 31468. 1734 
which I fet down under the firſt = 
ProduQ, and add all of them as in 6936 
the otdinary Method of. /taltipl;- $468 
cat.21, or elſe by the help of Napiers 41616 
Bones, 

And after this manner may any Number be Multi- 

lied by the help of this Inſtrument, which is gapa- 
ble of being mad; for any Number of phces, 

This Inftrument alone is alſo of excelient uſe in Di- 
viſion z, as likewiſe in extraQing the Square,Cube, and 
Square=Square-Roots, for which the 6 Plates at the 
end of the Inflrzment on the right hand are extreme 
ready and ſerviceable, and are to be uſed afterthe 
very ſame manner as are the Lord Najiers Bones, and 
therefore need no further explication, 

But if any perſon have the Curioſity, and is willing 
to goe to the Expence g the Adding ” ny being 
joyned to the Malt:phing Inftrument, performs Addition 
Sbtratfion , Multiplication , and Diviſion; as likewiſe 
the ExtraQion of the Square, and Cube-Roots, &e. 
without the help of Pen and Ink, or expoſing the 
Operator to any difficulty or uncertainty. | 


SOLI DEO GLORIA. 


bo 
Z Oe. EY 
CAUTION 


To all who deſire to make Uſe 
of either of theſe 


INSTRUMENTS. 


F any perſon deſire to have either of 
(| theſe Inſtruments exa@#ly made, 
and fo as it may be ſerviceable for 
many years. He may beſpeak it of Mr. 
Humphry Adamſon, [;ving at pre 
ſent at the Houſe of Jonas Moor, Efqz 
;n the Tower,who is the ozely Work- 
man that ever as yet could be found by 
the Author to perform the ſaid Tn- 
ſtrument,with that exatneſs that is 
abſolutely neceſſary for ſuch Operati+ 


045, 
FINIS, 


v» 


I3 
A Short 


DISCOURSE 


Concerning the 


ANTIENT, & COMMON 
WAY OF 


NUMBRING. 


EF; "& _ Ur for the better underſtanding of theſe 
EE y \ Arithmetical Iftraments, I thall en- 
EZ) @22 .deavor ſo to explain and demonſtrate 
oF B ©Þ6 the reaſon of the Operations of Addie 

; WS. tion, Subtratfion, Multiplication, Diviſion, 
eZ) e=SN25 and Erxtratfion of the Square, and 

Cube-Roots, as to render them plain 
and obvious tn the meanieſt capacities, | 
The way of Numbring in uſe with the Antients,. was by 
the Letters of their reſpeRive Alphabets ; For exam; le : 
with the Romans C ſigntfied t00,D 500, M 1000, JMC 
to 000, CC, JJ 20000. CqyY 100000, yo, 
So among the Grecians, A or a. fignified 1. 


Borf 2. Tor .3."I:. 10.Pe.100. a, 1000. 


Y 


} 4000, { 7090. &c. 


Bur note that the moſt common way of expreſſing the 
value of Numbers, is by the Arabick Notes or CharaQ. 
ers called Ziphers, by the Hebrews, Sephers 3 and by Us, 
Cyphers; and they are ten, vix, 1, 2, 3, 4, 5, 6,7, 8, 9,0, 

The way of placing thoſe CharaQers, is from' the 
richt hand to the left, after the manner of the Hebrews, 
in their Writings, as Gemma Friſixs and others _” 

| & 
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or other 


Arithmetick in plain Nuttibers. 15 
CHAP, LI 


The Precept for ADDITION of Integers in 
Plain Numbets. 


Aving placed the Unites of the reſpeQRive Pro- 
Sreſhons in Rahks and Files ; thet begin arid add 
together the Unites of the right-hand-File,ſerting down 
the ſum underneath, if it be under 19. but if juſt ten, 
ſer down 9. and carry 1. to the tiext place ; and ifabove 
vo, down-the exceſs in the firſt place, for every 19. 
an Unite, | 


Exainples, 
To 33 $374 
add fa _ 1067 
Summ 36 399 
3840 


CHAP. II 


The Precept for SUBTRACTION of 7-- 


regers in Plain Numbers. 


laced the leſs xxmber under the greater, 


Accordi 


Avin 
- | news to the reſpeRive places or Progreſſions, 


begin at the right hand, SubſtraGing the lower Figure 
out of that above it, and ſetting the Remainder under- 
neath. Butif the Figure chance to be the lefs, (as 
oft it falls out) then there muſt be an Unite borrowed, 
and brought from the next Progreſſion, to ſupply the 
defeR, which muſt be again repaid, by adding an Unite 
to the next lower Figure on the left, . which is the ſame 


thing 


ns IE 


- wm = 
= des" Ea i eb SS CAT 
a ne ns a. As 


” ered. xy een aaron rn hae 


16 Arahmetsck in PlainNumbers. 


thing as if the Figure above it were diminiſhed by an 
Unite, And for a proof of the operation, the 2umber 


SubtraQed, and the yemainde-, mu evermore equal that 
out of which it was SubtraRed, 

For out of a number A C let a leſs number A B bedee 
duRed,. Then by the Hyporheſss, A'B together with the 
remainder B C are equal to the whole 7zmber A C For- 
aſmuch as The parts united, are always equal to the whole, 


Atiniliigt Bill la alata GC 


Examples, | 
from 28 from 34 from 405 
ſubtra& 15 ſubrrat +” Fſubtra&t 26 


<—_————_—__—. 


Ch 


Remains 13 Remains 27 Remains 379 


from 324531 
fubrrat 99988 


RB as 


Remains 224543 


CHAPIIIL; 


T he Precept for MLTIPLICATION of 
Integers in Plain Numbers, | 


He: placed the Numbers one under the other as in 
Addition, —_ the laſt right-hand Figure of 
the Multiplicand, by the laſt right-hand Ficure of the 
Multiplicator, and ſet the Produ& (if leſs then 10) un. 
derneath ; but if greater, carry the exceſs ( that is for 
every 19, an Unite) tothe next place, Andifthe My- 
riplicator have more places then one, ſer down the firſt 
Figure of cach reſpe&ive ProduR under that Figure of 
the Mulriflizazey by which it was made, and fo on to the 
Jeft: obſerving Rarxks and Fyles. 

For 


Arithmetich in Plain Numbers. #51 
wo _ nay _ 6is - 43 6 Mulriplicand. 
umber 42,that is letting down 2 in ipli . 
1thar che place of Unites and mY OY Om 

Ccartying 4 in the mind 10 


Xe dew the next place, Aeainy times 2982 Firſt Produd. 
h the 2 15 14,and 4 that was car= $52 Second ProduRt 
For- ried in mind makes 18, that _ , 7$ Third Produ@ 
bole, 1s ſetting _ 8,and carry- F 
mg t oo the next, Againg 
[CC | cimes4is38,andtis?y. 1393023 99m of all 
' Ando ia the (ccond Pro-w —— 


, dut twice & i543, that is 2 
carrying & to the ext, and 
' foon to the ead. | 


 Thereaſonof which operation i plain follow- 
þ . Los Table, " woe 


tte ii. tt... 4 


N of. 


1eraSin CM 


joure'© 

> of the 

IO ) uns 

hat 1s for 

he IAU = 

the firſt 

Ficure of ® Ag "_ — 
on to the 


For 


. times 40015 2800; ,ortwo 
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cM WnNMC IX W, 


—_—_—_———— ___ — 


For 7 times 6 is 42;and 7 


times 20 is 140 ; and 5! 


thouſand eight hundred, 
eb... 

Again, 20 times 6 is 120; 
and 20times 20 is 400; 
and 20 times 400 is 860g. 
or Eight ens, 
Thirdly, zoo times & is 
1800; 300 ttimes 20 is 
E000; -& Zootimes 400 15 
! 20000, or One hundred 
and twenty thouſand, 


uo, 


The ſun total of which! 


Produas amounts to 
One Hun. thirty nine Th. 
three Hund, and thirty 
two Unites, 


| 


Ln 


— 


4 a 
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4 | 
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3 , 


0 0 


ro 


6 


> 2. > a _4 4 a 


Celiens, 


[Muluplicator, 


WRT OO, 


Firſt Prody& 


1Second Prod, 


""_ ProduR 


Fourth Prod. | 
Sixth Produd | 


ad <—__—— 


Seventh Prod, 
Eighth Prod. 
N inth Prod, 


—— ] 


7 A 
Summe tota| # 
of all nine :; 
ProduRs. 
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tiplicand, CHAP: IV. 


tiplicator. ' he Precept for DIVISION is Plam 
—-— Numbers. 

he yon? 1YI1STON, isineffe& nothing elſe, but the de. 
) ProduR duQting of a leſs nzmber as oft as may be out of a 
mocha Greater, and ſo finding ar laſt the znmber, by- whoſe U- 
my that leſs number being repeated, makes a zzmber 


irth Prod. | <qualto the Greater. : 

'h Produt | , Now the greater of theſe xxmbers is Vulgarly called 
*h Produc | The Dividend, the leſs the Diviſor, and the laſt the Quo- 
| ' 345 Or Quonient, IE 

We co The method of this Operation is thus ; 


x. Set the Figures of the Diviſor under an equal 2:29m- 
venth Prod. | per of Figures of the Dividend on the lefe hand, if thoſe 
2hth Prod. | Figures of the Dividend be of greater, or at leaſt of equal 
nth Prod, vals with thoſe of the Divi/or : Otherwiſe you muſt 

place the firſt Figure of the Diviſor under the ſecond Fi- 
——— .gurc of the Dividend, And having ſet the Diviſor right, 


_ * > put pricks oyer the Figures of the Dividend, from the 
mme tota ff | park place of the Divi ſy incluſtye. And the number of 
. = "— ' pricks denote the x4mber of places in the Quorient, 

r » 


2, You muſt evermore prepare ſuch a Tar:ffu n Tas 

__————— ble of Mu'tilication) for the Diviſor, as is here er 

.: dewn on one fide of the Operatioz, and is of excellear uſe, 
' making the work ten times more eaſie and certain, 

3. You muſt find by the Tariffa how many times the 
1x a1.) Diwviſor is found in thoſe Figures of the Divadend under 
CH 27 which they are placed, and the anſiver to thar, isthe firſt 

- Figure of the Qzotienr;by which you have multiplied the 

Dwiſor in the Tariffa,then deduR the produR our of thoſe 

: upper Figures of the Dividend, and what remains muſt 
« | de conſidered in the next operation, if there be more pla= 
ces then one in the Divi/or. 

4, The next Figure of the Dividend muſt be taken 
down and ſet next ta the Remainder, if there be any, 
And the Divi/dr muſt be again fer under it, if the _ 

0 
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of the upper Figures be ſufficient ; ifnot, there muſt 
2a Nullor ( ©) beſet in the Quotient, and then the next 
Figure of the Dividend taken down, and the very ſame 
Operation repeated, till the work be at an end. Bur: one 
Example in things of this nature clearly and diſtinaly 
{cr down, is better then a thouſand verbal direRions. 
Pie y _ Dividex -" an be that a; which was laſt 
y Multiplying ( 426) (325+) - 
That 15 to ſa; , " OO. of : I Tariffa. 
Let the Dividend be '1 39303 h_ 


And the Diviſor be 325 | 32% 
1308 654 
Having pointed the ———:-_—. 981 


, aud pla- $50 
ced the Driviſor un- 327 
der (1393; ) look 654 
for 1393 (or the 
neareſt number to 1962 


j AAS 1 www 
= 
as 
>» 
©9 


ir) in the Tariffa, 327 712289 
which is 13o8, 1963 | 13616 
wherefore TI fet — _— — 9! 2943 : 


char down; and ſub= oo 00 : 
rraQting it from 1393, there remains 85 ; then (havino © 
ſer down 4 for the firit Figure of the Qz0rzent) I rake _ 
down the next Figure, or Cypher of the Dividend, vie, - 
(o) which makes it (850) In this (327) the Divi/or by 
the aforeſaid method is found twice ; wherefore I ſet 
(2) in the Quotient, and then deduQ rhe ProduR , 
viz, (654)our of it, and there remains (196) to which _ 
in the Jaſt place, I rake down (2) the laſt Figure - 
of the Dividend,and make it (1962) in which (337) is © 
found 6 times, and fo the work is atend, 5 

The 


rs. f 


ere muſt 
the next 
ery ſame 
Bur+ one 
diſtinaly 
Qions. 

was laſt 


ariffa. 
T277 


654 
981 


l3o8 
1635], 
I963 
2289 
2616 


2943) © 


(having 
) I rake © 
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Tv1/or by 
re I ſec 
roduR, 
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_Tigure 2 


The 
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The rcaſon of this Operation is plain in the ſabſequent Table, 
"+ y 
MMMCOSNU 


I 


©40t. 400,|1 


Nut, 20, F 5 


iT 


bh 


Dividend. 
Diviſor, which is advanced 
3 places,and is not now 327, but 


32700, 


| This Produft is not 1308; but 
'1 30800, Which is 4 times 32700, 
that is 420 times 327, Which is 
the Quotient in the Margent. 


That is 32700 being deduRed 
out of 130800, the remainder is 
8500, and fois ended the firſt 
Operarton, 


a 


Hete begins a ſecond. Operati- 
on, And this is not 850, but $8500, 


erect. 


This is not 325 but 3290,which 
bein doubled makes 6540 , 
_ in effet is 20 times 

7 as 1s expreſt by the Quotient 
in the Margent, ETON 


_—— 


1'9/s | That is, 6540, being deduaed 
out of 8500, there remains 1969, 
and ſoends the ſecond Operation. 

© os 2 

329 Here 327 is brought down to 
£1 ts own value again. 
52 That is6 times 327 is juſt e= 
he qual to 1962, and ſo the work 
| isatend, 
oooo] 7 


But 
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But now if this Dividend had been greater by 20 
Unites, that is, if it had been (139322). the work had 
been the ſame, and the Quotient had been the ſame” 1m- 
berof Integers, but there had been found remaining a 
broken part or Fra&ion of zo, which muſt haye been 
be fet thus 20 


337 


CHAP V. 
Notation of FRACTIONS. 


Broken Number, ( otherwiſe called a FraFion) is 

-Y part of an Integer ; For example, A Foot in; 
length contains 12 Inches, One pound 20 ſhillings, 
One ſhilling, 12 pence ; One penny, 4 Farthings, &c, 

The Tarts of «a FraQton, 

A Fra#ion conſiſts of 2 parts, The Namerator and the 
Denominator, which are placed one above the other, and 
ſeparated by a little line ; For example, If I would ex- 
preſs three quarters of a. yard, it muſt be ſer thus 
z Numerator 
+ Denominator, 


F. Inch. 


Three Foot and nine Inches, thus, 3, 3_Nzmerator. 
12 Denommatorr, 


Or if a Foot be divided ws 7 $S Nam. 
to an hundred parts, thus 3 Too Denom, 
Or if a Foot be divided 3 Num, 
onely into four parts,thus 4 Denom, 
And fo are all other broken Parts or FraF;ons expreſt 
of what kind ſoever, 


CHAP. 


Ss 

+ by 20 
7ork had 
ne 1um- 
jaining A 
ve been 


NS, 


Aion) 1s 

Foot 1: 
ſhillings, 
ngs, oC 
r and the 
ther, and 


zould ex- 
ſer thus 


for. 
nAatorr, 


5 expreſt 
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CHAP, VI. 


The Reaſon of Tranſlating FraCtions from 
one Denomination to anther, as likewiſe 
of reducing then to their leaſt Tearms, and 
thetruth of the Operations demonſtrated 
from ſeveral Propoſitions of Euclids Ele= 


ments. 


ſhall in the next place. proceed to demonſtrate 
e Reaſon of Tranſlating Fratiions from one Denomi- 
1ation to another, as likewiſe the Reaſon of depreſſing 
or reducing them to their loweſt and leaſt Terms, A 
which is neceſſary to be known by thoſe who deſire rg 
be Maſters of Fra8;02s, >. a 79S. GM 
Firſt of Tranſlating Fraftions from ane Denomination 
td another, 


_ Enth l. 75, Theor. 16, Prop. 18. 


Eee y S v0, & Cc A 

If two numbers multiplying any 1»mber, produce othet - 
numbers, the numbers produced-of them, thall be inthe - 
oy; re Hin that the 7znbers multiplying are, vide _.. 

For the applying of this Propoſition to the matter in 
hand, I lay before me theſe two Fraffions, namely - 
and 2 as in Fig. F, And firſt 1 ſingle our Fand Multiply 
them by (4) the Denominator of the next Fraffion and they 
become + for 4 times 2 is (8) and4times 3 is (12) as 
tmay be ſeen in Fig, G. 


Haut thus explained the nature of Fraffions,  B 
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This done, I ſay, that by the afore-mentioned Propo= 


: Fiiew, this Multiplication'of the two xumbers (2) and (3) 


ya 34 number (4) has. altered no proportion, but the 
produ&s have the ſame proportion one to another,as the 
numbers (2) and (3) have, by which they are multip]i- 
ed, that is to ſay, as (2) is to (3) ſo is (8) to (12), 
Again, I fingle out the other Frafior, viz: 4 and I 
multiply theſe two by a third N»mber, namely by (3) 


the firſt Denominator. And the Produdts are 2as in 
Fig. H, Neither hath this Multiplication altered any 
proportion, by the ſame reaſon with the former, For as. 
(3) is to (4) ſois (9) to (12), By which means I have 


two new Fraffions, viz, and 2; which are the ſame in 


effe@ ith the firſt two, viz, 5 and 3. And whereas 


they were, before of different. Denominations, they are 
now brought rnder one and the Tame Denomination, 
*"And thus is rhat 18th Prop, of the 7th Book of Euclid, 
the trhe ground and reaſon' of altering and tranſlating 
Fraftions from one Denomination to another ; And from 
divers and different Denomindtions, to one and the ſame, 
Which Propoſetion being once throughly digelted, and 
imprinted in the mind and memory, all other Operat;- 
ons which relate to Fra#ions, (as Adding, Subſtragins 
Multiplying, and Dividing them, as alfo extraRin! 
their Square and Cube. Roots) will admit of very few or 
no difficulties, 


Secondly, The way of reducing FraQions to thezy leaſt 
Terms, 


» 


But foraſmuch as it ofren happens in the multiplying 
and tranſlating of FrafFions that the, ſwell into roo 
oreat numbers, which are not fo traRable as ſmaller 
#umbers are, It will be proper in the next place, to ſhew 
the way of reducing them to their leaſt terms, either 
before, or after they are thus multiplied or tranſlated, 
as the praGitioner ſhall ſee occaſion, For the better et- 
feting of which, he is defired to conſider ſome few 
Definitions and Problems of the 7th Book of Euclid's Ele- 
ments, 


_ Exc!. 
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Excl. F. 7. 
Defin. XI. 


TIpoT95 wer9udc, Wc. 
A prime number is that which is meaſured onely by an 
Unite, 
That is toſay 2,5,”7,11,13, &c are prime znmbers, 
deeauſe neither of them can poſlibly be divided into e- 
qual parts by any thing leſs then an Unite. 


Defin: XII, 
TIpa7 0: whis, We. 


Numbers prime the one to the other, are ſych as only 
an Unity doth meaſure, being their common meaſure, 


And fuck are (9) and (14) fer theſe two zumbers can- 
not be divided into leſs then Unite parts, ſo as that 
which meaſures one, may meaſure the other. 


For though (3) will meaſare F 111111010, ——9 

S, that is to ſay, it is found 3) 1111111121100 18.-14 
zimes in (9) yet it will not meaſiere (14) that is, after 
it has been found as many times as it can be found in 
#14) there will be rwo odd Unites lefr, 
Again though (2) do meaſure (14), that is to ſay, is 
found juſt 7 times in (14) yet it cannot be found any 
certain 7mber of times in (9) but there will be an odd 
Untte or Unites left, 


Defin. XIIT. 


EvyRl& aerduws, Oc. 
 & compoſed zumberis that which fome certain 24m- 
ber meafureth, | ; 
* Sois (15) acompoſed number, becauſe (3) multiply= 
ed by (5) makes (15). And lo 1s (20) a compoſed 
#umber 3; becauſe 4 multiplyed by (5) makes a Produdt 


of (29), 
of (20) EA 


$ onl 
ef 


ri Can*” 
s that 
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Defin. XIV. 


Sud TH Si, CFC 


Numbers compoſed, one to the other, are they, which 
ſome number, being a common meaſure to them both, 
doth meaſure. 


And thus are ($8) and (12) compoſed Numbers one to 
another, . becauſe there is a certain »umber, viz, (4) 
which being repeated, or added to it {elf a certain 7um- 
ber of times, compoſes both the one and the other of theſe 
1xmbers, That is to ſay, (4) being repeated (or added 
roit ſelf) twice, compoſes (8) the one ef theſe :zmnbers 
and the ſame (4) being repeated ( or added to ir ſelf) 
3 times, compoſes (12) the other of theſe 7 umbers. And 
this (4) is called the common meaſure of (8) and 12, as 
in the following Table. 


Two compoſed Numbers ——  ——and1s 
Diviſors of theſe 2 compoſed Numbers. ————2 3 

: WY WI 
Their comwox meaſure, —_ — 4 
"Three aq 7 4-y Numbers — 6&8 & 12 
Diviſors of theſe 3 compoſed Naabers SS: 

ByYwM 
Their £c099111108 mea ſtr e monrmmmonms ennnnmnnnmnnn nn Z 


Probl.T. Prop. 2. 
Av e&n3uary Oc. 
Two Numbers being given (not prime the one to the 
other) - to find out their greateſt common Meaſure, 
Por example, let the Numbers | 
giyen * (A 5) __ (B—s) 
I take the leſs Number [T5 Ain 
(B—6) from the greateſt, 90 Bit — ok ak 
(Ars) asoft as I can,which - _ 
is once: If nothing remain| © Citi 
then (B=9) is the greateſt| 3 D 111 
common meaſure, If ſomething ? [ ” TN ane "= 
Let u be (C6), and thenI'____ 
C 4 tak? 
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take(C <6) out of (B*9) as oftas I ean, and if 
there remains nothing, then (C_6) is rhe greateſt 
common meaſure z and if there remain ſomething, let ir 
be (D3) then I take (D!Z3) twice out of {C-6) 
and becauſe nothing remains, therefore (D"—3) mea- 
ſures (C<6) and therefore it meaſures (B9) and al- 
ſo (A—15) Andis likewiſe the greateſt Number that 
meaſures Band A, that isto ſay their greateſt commow 
meaſure, And this will be in all other Nzmbers (not 
prixze one to anuther) before I can come to an Unity. 


Probl. WIT. Prop. 35. 


Apt3yucy JoderTwr, fc, 


How many Numbers ſdever being given, to find the leaſt 
Numbers, that have the ſame proportion with them. 


. Let the Numbers propounded be (AZ6) (B_—8) 
(C12) either theſe are Prime Numbers, or elſe there 
15 a certain Number which being repeated, (or added to 
it ſelf ) a certain Nzmber of times, compoles either of 
them, and is therefore their common meaſure. 


If they be Prime Numbers, T have granted what I 
defire. 


If not, let then their greateſt com -] 6 A1l1lll 
nan meaſure be D. And look how; 8 B111znnm 
many times D is found in A, let E12 Crit ii ll 
have ſo many Unites, And let F have] 77; 
as many Unites as D 1s. found times|———— 
inB, AndG as many Unites as D 3 = Aujooinpa 
is found rimes in C. Thar is, (DDZ2)| 5H 
multiplied by (E3) produces —— 
(AT6), And (D- 2) multiplied by (F4) produ- 
ces (B:<8), And (DC2) multiplied by (G<6) pro= 
duces (C12). 

Then &, F, and G, are the leaſt Numbers that have the 
ſame proportion with the firſt Numbers, A, B, and C, 
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CHAP. VII. 
Aadaditimn of FRACTIONS. 


Et the given Frafjons to be added together be 5 
and >. | 
Firlt T reduce them by the & Chapter, to _- and 7 
Then I add 8 tog9, which makes it = or 3.5 


me : Z FED 
If they be more then two, Firſt rednce two of them 
to one Denomination. And then the ſum of thoſe two, 


and the next, &c. 
For example, Let the Fraffions be LE. Firſt» 5 
and 3 make 7+ Then 27 and + being added as be- 
+ IT Iz 5 O 


35 3 . I2r T 


Q—_—_— 


CHAP. VIIL 
Subtraftion of FRACTIONS. 


Rom 3 are to be deduRed 5 Thar is by the forego. 


; 3 
ing Rules from = are to be deduged -;* Theres 


*X 
fore there remging 737+ 


= ——_—— 


CHAP. IX. 
Multiplication of FRACTIONS. 


His is onely to Multiply the Numerators one by an- 
other, for a New \umerators and then the Derom?_ 


4t0's One by another for a New D2nommnator, For 
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For example, To multiply +by 3 15 to multiply 6 
by 3. (6) for anew Numeratory and then 3 by 4 (2) 
for a new Denominator. This is > by 2 oive - or © 
for the Produd. : | 

But to make all more plain, and to preſent both the 
Operation and the Reaſon of it, to the Readers cye, at 
one and the ſame inſtant ; let him conſider the leſs 0b. 
Zong (6) in Fig. L, (made by multiplying the Namer- 
ror (2) by the Namerator (3) included in the greater 
Oblong (12) made by multiplying the Denominator (3) 


the Denomninator (4) then which nathing can poſſib! 
< oe plain, or ſatisfaRory, 5 reed 
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CHAP. X. 
Diviſon of FRACTIONS. 


He Rule for Diviſion of Frafkions, 15 this, 


--- -—» --» Multiply tbeD=oominator of the Diviſor, by the Nu- 


merator of the Dividend, for a xew Numerator 
And the Numerator of the Diviſor, by the Deno- 
minator of the Dividend, for a yew Denoypinator. 


- And thenew FraQion 5s the Quotient, 


For example, if 2 be to be divided by 2; 
"Then" is + the Dividend, Ed nods : 
And ; the Divr/or, 4 


Then T into 3' make a new Numerator,vit 0  m 9 
And 2 into F make a new Denominator,viz.s F : L 


2 
3 
I 


eighth part, 1 + 


That is toſay — is contained in 2 once, and one 


The Reaſon of this operation is this. 
Firſt, I turn the two Frafions 3 and 2 into two new 
Fraffions, viz. _2 *. (as before has been ſhown ). 


Es ; ION 
Then, as if they were plain Numbers,” I divide (9) by 
(8) andthe Quotient is ( 1 7). That is to ſay,zhe Di- 


vidend (3) is to the Diviſor (7), as (2) th» (5): 
But now. (9) is the Produ@ of the Diviſors Dexomina- 
tor Multiplied by the Dzvidends Numerator, and 1s the 
Numerator of the. Qzotient, And (8) is the Produ@ of 
the Diviſors Numerator Multiplyed by the Dividends. 
Denominator, and is the Denominator of the Quotient ; 
which is conſonant to the foregoing Rule, ang that 
which was to be demonſtrated, | 

Thus 


e Nu- 
rator ; 
Deno- 
inator. 


at is F 


| one 


new 
wn ). 
9) by 
% 
"). 
MIN A 
s the 
&Q of 
Aends. 
tent ; 
| that 


Thus 
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Thns if © be to be divided by +- 
F into 5 make a new Namerator 
24 And 3 into x7 make a new De- 
N0minator 36 

Which being reduced to its leaſt cerms, bs = 


, 24 
VIRF& 


CHAP XL. 
Of Decimal FRACTIONS. 


T fl Decimal Fraftions are of all Frattions the 
moſt natural : For the truth 1s, all plain. Num< 
bers as they are expreſt by the Arabich Notes of x, 2, 3, 
&c- are nothing elſe in effe&, but Decimal Fractions, 
For example, Let any Number be given (432) The laſt 


Figure (32) is really —-, and ſo are the laſt two Fi- 
gures (32), truly and properly _3-. And all three 


Io. * 
are a Fraction of _732.. For as tlie very progreſſion of 
theſe and all other plain Numbers is Decimal ; that is, 
each Figure on the left hand, is ten times the value of 
the ſame 2:-mber placedin the next place on the Right, 
Thus in (333) thelaſt (3) onthe left is ten times the 
value of the (3) nextto ron the right ; And the (3) 
in the middle, 15 ten times the laſt (3) on the right, 
and bur the tenth part of that (3) on the left, And 
therefore all, or any of them may be pro 1ihity, either 
Fractions or Integers : If I would have them Integers, T 
ſet them down without any Line drawn under them £ 
But if T would have the two laſt a Fraction, I put a ſe- 
parating Comma between them, thus, 3, 33, that is 3 
Integers, and 32 for the Denominator is here to be un- 


derſtood to be an Unite of the next place or Denomina- 
2iot, as was before explained. And thus 5272 is an 


Integer or whole number, and the ſame number with a ſe- 
parating 
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parating Comma, thus 5,270 is an Integer (5) with a 
Fraction of 7.» Or the whole is a Fraction of AR Le 


©0090 voos 


CHAP, XIL. 


Of Addition and Subſtraftion of Decimals; 


6 a+ Operations of Addition and SubſtraFtion in Dee 
cimals, Integers, and Fractions, is the very ſame 
with that of plain 7ztegers, only the careful ſerrng the 
Unirtes of all the 7ntegers in one File, and if there be any 
void places, they are to be imagined. co. be filled up 
with Cyphers. 


Examples of Addition. 


26, 43 35,25 22,5 
Zo, 14 240, 56 » 187s$ 
52, 86 37, 033 , oi56 
109, 43 312, 842 . 23, 7031 
oct Ls on © Emaar Bn 2. 


Examples of SubtraQion, 


£32,43 $9,27 $8, 00 37, 


Fs ors 38,43 275 9% Bos 1-4... 
108, 17 18, 24 30, 0B 36, 896 


CHAP. XIII. 


Multiplication of Decimals. 


= is likewiſe the veryſame Operation wath that 
of Multiplying plain Iztegers, ſave ondly, _ 
a 
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with a all the work is ended, there muſt be as many places of 
276 $i Parts, or Fractions in the ProduR, as there were places 
LILY "> bÞothin the 2z21ber multiplied, and in the zamber multi- 

h plying.. As in the following Example, there are two 


places cut off in the 7:2zber multiplied, and one in the 
2: -mber multiplying ; Therefore there are three places 
cut off in the Produr And in the ſecond Example, be- 
” cauſe there are three places cuteff in the Mulriplicand, 

nals” ' and two inthe Maltiplicator ; therefore there are five 
- ; Cut off in the Produd, 


: Dee FT 
_ * 12, Example. 2 Example. 3 Example. 
ane ; | 
= 3 
3 3 3 
9636 $0824 39157 
| 12848 75236 783156 
£424. 50824 65,2635 
780, 516 $8,95584 7348613 8 
| 4 Example. 5 Example. 
Ec | 37 - »0375 
J z 9 ——_— os 
| 783 177S 
Os: . ©000 
5 Example. 
3 0375 
» OS 
1875 
7 | 001875 
44 In the 4 ——_— becaule there are no Mtegers, the 
PF | > 4 
* Produ& is 7 | 
F In the $ Example, becauſe there do not ariſe but five 
; places inthe Pr oduR, viz, ,01895 and yet by the Rule 
ac 


there ought to be fix places cut off, therefore two — 
| ers 


CES,vIF. 
1000002 


i 
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phers muſt be prefixt to make up the zxmber of fix pla= 
ool875 


Divilor 
ſtands thus 


3746 
14984 
22660 
22476 | 
18400 
3746 
14984 
34160 


172, 500000 


La wal 


33714 &c, 
446 


CHAP. XIV, 
Diviſion of Decimal FRACTIONS. 


i] F the Dividend be greater then the Diviſor,the Qu0- 
tient will be eicher a whole 24mber, or a mixt; 
but when the Dividend is lefs then the Diviſor, thie Qxo- 
tient muſt be a Fraction, 
2, Whatever the Di-idend be, 1 
muſt be a competent number of Cyphers added toit, ſo 
make room fot the Diviſor to ſtand under it, and then 
It is no other but ordinary Diviſien, as will appear by 
the following Example, 
Dividend 192, 5 
.. "Ss 7 
which the Dividend 


fneed require, there 


Þ | 
being ſupplied with Cyphers, 


Tariff4. 


B e0W 1 AanDr yy wa - 


| 3746 
7492 
11238 


14984 
18730 
22476 


— 


26222 
29968 


3371 


7 


W 
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CHAP. XV. 


The Vulgar Precept for extrafing the Square 
Root or fide of any Plain Number. 


H Aving firſt pointed the given Namber, (ſuppoſe 625) 

that 15 to ſay, ſertt a prick or point over every other 
Figure, beginning with the laſt.. Whereby I know that 
the Root has two places and no more. Firſt, I enquire 
whether (6) the laſt pointed Figure or Figures, be a true 
ſquare Number, If it be, then I ſer Son the Root 
( which is eafily found by the following Table, and 
indeed ought ro be retained in the memory ) ſome 
where on the right hand of the work, and ſo 1s tie 
firſt Figure of the Squar-Root found, Bur if it be not 
a true Square Number, then I take the Roor of the 
Square next to it, as in this caſe, I ſee (6) is not a true 
Square, I therefore take the Root of (4) which is the 


neareft'to it, and make that the firſt Figure of the Root, 


And then SubtraRing ( 4 the Square thereof) out of 
(6) I bave left remaining (2) which I ſer underneath, 
and ſs is the fixſt Operation ended, 


625 (3 
ak 
2 
This done, I take down the Figures of the next 
Square Number, viz, (25.) Then I ſet the Gouble of 
the firſt Figure of the Root under the firſt Figure of 
the ſecond Square Namber z and I ſeek out a Digit, 
which being multiplied into it ſelf, together with the 
double of the 2x0t7ent (or firſt Figure) may take a= 
way the remaining Figures of the given Nzonber, viz, 
(225) or atleaſt'as mvch as may be; which Digit, by 
as king how many times (4) the double of the Root is 
found 1n the Figures ſtanding over it, as in the nature 
of a Dividend (namely 22) for find that (4): will be 


-found.in (23) 5.times, and enough aver and abuye to 
Þ | 


Mulciplp 
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multiply that 5 into it ſelf alſo. Therefore I ſet down 
(5) for the ſecond Figure of the Root, and I alſo fer 
the ſame (5) under the laſt Figure of the ſecond 
Square ;z and then I multiply the double of the firſt 
Figure, augmented by that ſecond Figure (5) that is, 
I multiply (45) bv that (+) and if the Produ& be ei- 
ther equal to the Froures (225) ſtanding above them, 
or ſo much leſs then (225) as the value of any Num- 
ber under (45) then the ſecond Figure isrightly choſcn 
otherwiſe the Figure next leſs muſt be taken. But in 
this example, th: Produ@ happens to be juſt equal 
And ſo the work is ended, 


625 (25 
4 


225 
45 
BF + 
000 
Now in caſe this (625) had been (655) whichis a 
preater Number then (625) by 30 Unirtes ; A RFID 
the Integers of the Square Root had ſtill 65 5(25 2 
been (253) onely there had been left (30) 4 x 
which had been the Numeratorof a Fraffi- 25 5 
97, whole Denominator muſt evermore be 45 
the double of the Root, augmented by an 22 5 
Unite, and then the Operation had been, as "7 
"here you ſee, 


> 


CHAP. XVL 


The Reaſon and Demonſtration of the Vulgay 
Operation of Extracting the $quare-Roor. 


Nd after this very manner and method may the 


A Square-Root of any Plain Number in Integers be 
| extracged 
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extra&ed, though never ſo great; but. that this and 
all other Operations of the {ame nature- may be alſo 
fin with underſtanding; and ſatisfaQion, it; will 

e neceſſary to make ſome refleQions upon the nature 
and geneſis of a Square=Nzmber, and in -order there- 
unto, the PraRitioner is defired to conſider the fol- 
lowing Definition of a Square-=Number. 


Exucl. [. T «i 
Defin. XVIII. 
Te% 9.4010 a 219 us 62p, Cf ce 


A Square-Number 3s that which is equally equal, or, which 
3s contained under two equal Numbers, - 


T Hus the Square-Nwnber (4) is contained under two . 
equal Nzanbers,viz, (2) and(2)and theySquare-Nam= 
ber (9) 1s contained. under'two equal Numbers, :namely 
(3) and (3) and ſo on as in the following Table, 
A Table of Squares with their Genetive-Ffqual __ 
Number. Wo IERRE.: - 


- 
OT es a ds > 4 * * 


=> 


% % © 
a 


Equal Mumber - | Squate | 

r_ -.: into... 
into 
Into... 


-_ 


into - 
into ' 
into. 


into 
into; 
into 


Thus the Square- Number. (625) is.contained under-. 
wo equal Numbers, vit. (25). and (25) That is to ſay, 
D 2 One 


| © FR An > us bs 


Io into ' 


[= 


Sectio 
QUADRATI (625) 
| in quatuor Plana, a duobus Lateris (25) Segments, | 
| viz.{A=20) &(B=5) effecta; quorum tria ordinatim 
| ſu mpta,ſu nt continue proportionalia, 
nimirum | 
L ( Aquadratustz4goo=maxumus Proportional 
2{ AinB 100:=medius Proportional 


J 3 LB quadratus=25=munumus Froportionalis 


TE 
+1 
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SEE 
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One of the equal Number _——————— 5 
| king multiple by the 'other equal Nznber,—25 


Makes rhe ProduR a Square Number, vi, —— 6; 


Eucl, L 2. Theor-4. Prop. 4. - 
Exv $agtia, Wc. 


If a right Line be cxt any wiſe into two parts, the Square 


made of the whole I ine, 4s equal both to the Squares made 
ef the Segments, and 10 twice 4 k eftangle made of the 
Parts, 2 206 | 
His holds good likewiſe in Nambers. For examples 
DE Let (25) be the Number of a Right TinE,and that di- 
vided into two parts : viz. (20) the greater, and (5) 
the leſſer, I ſay, ; Eh 
The Square of the whole (25)- is-equal ro the two 
Squares of (20) and ( 5) more vy the two Qblongs 
made of (20) obo by (5) as in the oppolite Ft- 
ay be plainly ſeen, 
MTS. For let 5) be called A 
And (5) be called B 
Aq : (or 20 multiplyed by 20) makes—— 4og 
Bq: (or 5 multiplied'by5 ) makes 25 
7 A; - Multiplied by B,that is mak | 
' (20) multiplied by (5) 5 YaKe8-—t00 
A, Multiplied by B, that 1s 


EY (20) multiplied. by (5) (makes need OS 


At is to fay, theſe are the parts, which 


| being united are equalto the whole ey Cry 


Theſe things being premiſed, I'ſay,that whereas the 
vulgar Rule dire&s ( after the pointing of the' Nume 
ber 625 whoſe Square Root is to be extriQed) to find 
out the Square-Root of the laſt pointed Figure on the 
left hand, that is (6) and not finding (6) a true 
Square Number, to take the next to it, viz, (4) whoſe 
Square-Roor is {2,) I BY; the'meaning is this 3 That 

| D'3 | ; 


(6) 
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F —————_ NEO ee a _— <7 nw 4 + _p—_—— P_—_— 


(6) isin effe& (600) which is not a true Square- 
Nzmber, and the neareſt toit is (400) whoſe Square- 
Root 1s (20, ) 

Again, whereas the vuloar Rule dire&s to ſubtrat 
the Square-=Numbey (4) out of (6) and ſo to. find out 
how many times the double 'of the firſt Root is con- 
tained in the Remainder and the firſt Figure of the 
next Square, viz. (22) that is'5 times, But with this 
proviſion that there may remain a Number equal to the 
Square of that (5) as in the example, 


mmmmm——_— ws 


Remainder 2a 
Double of the firſt Figure-- —— 40 


——— 


(A—20) into ( Bs, twice--2Jo0 


— a 

(S- $) Square 25 f 

Agoregate 2:25 * 
0,00 


The meaning is this, Having Subtrafted A q, or the 
Square-Number (400) out of the Number '.(625) 
there remains (225) which is (A_20) imto 
(B's) or. (100) for one of the Oblongs, and 


(AZ_20) into (B5) for the other Oblong, and Bq . 
or (25) forthe leſſer Square. - All which are the very. - 


parts ofa Square, expreſſed in the foregoing Pfopoki. 


tion of Exclid, Namely. 


(A q) The <quare of the greater Segmen 
W 


- ©-—-400 Ly 


Wn —— 


vhich is equal to 
(Bq) The Square of the. leſſer Segment d _ 
which is equal to ——<-—-—_—__=_—== 
(A) Into (B) one of the ReQangles — 
made of the Segments, and equal to 


{A) Into (B) the other ReQangle try 3” 


of the Segments and equal to 


© VO ISAASETING <D——— —_— > — — 


= The} A;B Bino- 
The given Square-Nymber—— 6/25 mial\ 2 |; /Root _ 
-. (AZ2s) Squared-—— goo C 


DON EET 9. 


41 rd le YN 
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The Square made of the whole (A-ſ-B) . 625 
or (25) multiplied by (25) 1s equal to 


And be the Square-N#ber never ſo great, both the 
manner of the Operation, and the Reaſon of the Ana- 
lyſis, or extraRtion of its Square-Root, is. the very 
ſame, | 

But for the better underſtanding of all that hath 
been ſaid, let the Pra@ittoner confider well the Figure 
Where he may evidently ſee, how the Root of every 
lefſer Square being doubled, and an Unite added to it, 
makes up the next greater Square, 

Thus twice (3) or the double Root of the next leſs 
Square, more by (1) being added to that Square(9) 
makes up the next greater Square, v:7, (16) And twice 
(5) or the double Root of the next leſs Square (25) 
more by (1) thar'is to ſay (it) being added to that 
(25) makes ir (36) which is the next greater Square. 

0 


CHAP XVIL 


The way and Reaſon of extrafting the Square- 
Roor of FRACTIONS. 


E who would rightly eomprehend the Nature and 
H Reaſon of extrating the Square Root of any 
Frattion, let him conſider the Namerator to be a leſſer 
Square-Nwumber, and the Denominator to be a greater 
Square-N#mber, and fo the leſſer to be included in the 
oreater; as for example, if it were demanded to ex. 


rra& the Square-Root of LS, the Numeratoy (9) is to 
be conſidered as a leſſer Square-Nwumber, and the Des, 


' nominator (25) as a greater Square-Nuzmber, including 


or comprehending that leſſer or (9) And then all thar 
1s to do, is enely to extra@ the Square-Roor of the My. 
merator |9\ for a new Numerator, viz, (3) and then 
the Square-Root of the Denominator (25) for a new De- 

D 4 nommator, 
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nominator,viz, (5) As if they were Plain Nambers ; That 
is to ſay, the Square-Root of 2. 's 3 

But now, if neither the Nzmerator or Detominator be 
Pure-Square-N zmbers,the Operation is ſomewhat more 
intricate, though the Reaſon of it be ſtill the ſame. As 
for example, if 1: were demanded to extra the Square- 
Root of LE ſtill the Aumerator (3) Is to be confidered 
2s a leſſer Square, included in a greater, viz. (5) 

That is to ſay, The Square Root of (3) is = 

And the Square-Root of (5) 1s 23 

Ly 


Firſt, T bring the two Fraztions 5, and 2 to two Frd- 
ctions of the ſame Denemination, by the Rule Iaid down 
Chap. 8. Pag. 34. and they are x and >. So then 

The Square-Root of (3) is = 

And the Square-Root of (5) is 25, Or 2; 


1 


CHAP, XVII. 


The Vulgar methed of Extrafting the Cube- 
Root. | 


TY Or example, let 15625 be the Namber whofe Root 
15 to be extracted, | 
Firſt, it is to be pointed, beginning with the aſt Fi- 
gure on the Right haud,and from thence ro the 4th from 
the right hand inclufive, and ſo to the end,-pointing 


. one and leaving two, Thus 15625- Where Note that 
the Number of pricks, or points ſignify the places of 
the Root ſought, 

Secondly, the Cube=Root is to be enquired of the 
laſt prickt Nuber on the left hand, be they three, two, 
or one) As here the Cube-Root of 15 is to be demand<- 
ed, and being found by the Table of Cube-Nazbers 
Il ag. 45. tobe2, Ilct it in the 'Qxotient for the firſt 

Munber 


au” ths 


en LF 


I £25 EV TONE = 
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Number of the Cube-Root, and then ſetting the Cube 
of that (2) viz. (8) under (15) and ſubrracing the 
firſt out ef the laſt, there remains (7) And this 15 the 


firſt ſtep, and the work Rands thus, 


I5625 / 2 
0-1» 
7 

In the next place having fer (6) the triple of (2 the 
firſt found Figure of the Root) under the laſt Figure 
ſave one of the next prickt Nzmber, I ſquare the ime 
(2) andthen itis (4) and then I triple that Square 
(4) and makeirt (12) and then -I ſer that (12) under 
the Remainder 962 juſt as in Diviſion, and this done I 
ask how many times, (12) is foundin the Figures 7 6 
Iuft above them, and becauſe it may be found 5 times 
T ſet (5) at all adventures for the Neond Figure of the 
Root, and then the work Rtands thus, 


VInY (5 


76 
i2 


This done, T multiply (the Triple of the Root mul. 
tiplied by the firſt Figure of the Root) by this ſecond 
Figure ; That is, 1 multiply (12) by (5) and ſet it 
juſt under (76), : 

Aoain, I multiply the Square of the laſt rews, by 
the Triple of the firſt, that is (25) by (6) and fer it 
underneath likewiſe, : : 

Tn the next place, I Cnbe that laſt Figure, (thatis 
I Cube 5) and ſet that Cube, viz, (125) under the 
ſecond Cube-1umber , that is, ſetting the Unite place 
of the Cube (125 ) under the ſecond pricky 


25 
6 


Figure, 
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Figure, And add together thoſe ProduRs, and then the 
work ſtands thus, 


Laſtly, 1 compare this '9625) with the Remainder 
that was left after the deduRtion of the firſt Cube=num- 
ber, (8) and finding them juſt equa], I turn it off and 
there remains nothing, the work is atan end, and (5) 
is the ſecond and the laſt Figure of the Cube Root, 

But uow, if the aforeſaid Nzmbers 6000,15 00, & 
1 5 ©, had been greater N»mbers,and conſequently,being 
added tegether,ha4 made a Nzmber greater then ' 7625 ) 
then I muft Have takena leſſer N»mber, and conſequent - 
ly the ſecond Figure of the Cube-Root had been not (5) 

ut (4). : 

Again,if the Numbers 6 000, 1500nand1 50, being 
added together, had not made a. Number firſt equal. to 
(7625) That is to ſay, ſuppoſe the ſube-=Nwmber onVven 
had been156 45, which is more by 20) conſequent- 
ly after the work ' ended, there had remained (25) 
which (20) had been the Nzmerator.of a Fraftion,whoſe 
Denominator 1s the difference of the Cube of (25) and 


(26) and that Fractio7 had been ſet down thuss .._2® 
ID5T 


And then the anſwer had: been thus, the Cube-Root 
of (15645): is 25 :354 
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CHAP. .XIX. 


The R eaſon and Demonſtration of Extraft- 
ing the Cube-Root. 


| Tint the praQick of this ExtraQion may at firſt 


ſioht ſeem ſomething difficult, yet the Reaſon 
and Demonſtration of it, will 1- doubt not, make re- 
compence. 

And in order hereunto I ſhall frft defi re.che PraQi- 
tioner to conſider the Definition, of 4 Cate;:as alſo the 
Sefions of . a Cube into its Analytical parts, according 
to the Rule of PerſpeQive, | 


-"Eucl, 4::7.. Defin, XIX 
: Ko? ?o » 69 (OUT 

A Cube is that Number which 35 equally cqual, or, which 

75 contained under three equal,Numbers, 
T Hus (8) isa Cibe which is.contained under 2) and 

(2) and (2), 
A. Table. of... Cubes. with their Gene-. 
Hive equal Numbers. 


— —_— ——— —  ——  —— 


The Section 6f a CUBE (125) by 
a Binomial Root(A+=B) or (5+ 2) 


' + Seco CUBI 
in Octb Solda, 
a duobus Lateribus 


{Act B 1.e.{3 et2) 
cftedta 


of Quorum 

== Quatuor ordinatim 

ſum pta,ſunt continue 
Proporttonalta; 


niumirum 
Acybus x== 27 
A quadr in B=18 
t AimnB quadr= 12 
| B cubus ===8 
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Thus (3) and (3) and (3) make the Cube (25) for 
(3) mulriplied by (3) makes the Square (9) and the 
Square (9s) multiplied again by (3) makes the Cube 
(27) as is more clear by the foregoing Table. 

And fo dove (5) and (5) and (5) make the Cube 
(135) Thar ts, ($5) into (5) makes the Square (25) 
and the Square (25) into(5) makes the Cube (125)@c. 

Wherefore to Extrat a Cube-Root, is nothing elſe 
then to find out a nunber, which being firſt muſtipli- 
ed intoir Telf, and then into the ProduR, produces the 
given Cube=Nxinber, Thus to extra the Cube-Root 
of (15625,) is to find out the number (25) which be= 
ing firſt mulripticd into its ſelf (makes 625) and then 
mnlriplied' into rhat (625) makes the given Nwanber 
(15635) _ 

Now becauſe this conſtruRion of the Cube from a ſins 
ole Root, contributes nothing towards 'the findin 
out that Root from a given Cube=Nzmber, therefore was 
found out by the Anticnts, that admirable Art of 
cutting or dividing the Root into two parts, which rhey 
therefore called a Binomial Root 3 and from thoſe two 
parts they ereRed 8 ſolid 7umbers, whereof the great- 
elt and the leaſt are always two pure 'Cube nxmbers, 
of thoſe two diſtin& parts, and of the other ſix Paral- 
lelepipedons, by which I mean ſolid Naznbers madeby 
multiplying the Square of one Nzmber into another 
Number, in imitation of the Geometrical Pardilelopio 
pedons defined by Exclid, lib. 11, Defin. 30, to be a 
ſolid (Figure contained under fix Equilateral Figures, 
whereof thoſe which are oppoſite are Parallel, 

The -three .greateſt Paralliclepipedons are equal one 
to another, and each of -them made by multiplyin 
the Square of the greateſt part of the Binomial-Roos 
into the leſſer part. 

And the three .lefſer Paralielepiyedons are equal to 
one-another, and each of them made,by maltiplyme:the 
Square ofthe leſſer of the B;zomia! Root into the great= 
er, parr, | 

Thus in the oppofite Figure the whole Root -is- (5) 
and divided -or -cut -ini0-8 -greatrer -part ADZ3 and 
a-lefſer part B—2, The 
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The Cube of the greater A3 is equal to——47 
The Cube of the leſler B72 1s equal to- 8 
| COM of the greater Farallelepipedoxs, or (Aq into BY 


is equalro — 18 

< One of the leſſer Parallelepipedons. or ( A into Bq) 

1s equal to _—Lz 
Thien \ The oreat Ac—2 

. greater or ACc——27 

To thoſe two Cubes,namely » 1h Ber or Bees 

Adding ( Aa) into (B) -- 18 

Thee of the greater Parallc- og into —_ -18 

lepipedons, viX, { (Ag) into (B) ---18 


| And (A) into (Bq) -- 12 
Three of the leſſer Parallele-4 (A) into (Bq) -- 12 
pipedons, viz, (A) into (Bq) -- 12 


ber of the Binomial-Root A___3 more by >----- 


- The total ſumme 1s the entire Cube re by 
125 


B—2 thatisto ſay (5) and amounteth to. 

Now the PraQitioner is to conceive the Unites-of 
the Cube-Number (125) to be as ſo many Dice, or Cu- 
bical Unites, and 27 of theſe being piled one upon 
another orderly and equally ro make up (Ac) and8 
of them to make (Bc) and 18 of them to make one of 
the greater ”arallelepizpedon's (Aq into B) and 12 of 
them to make one of the lefſer Parallelepipedons (A 
into Bq) and then all theſe eight” ſolid Nambers being 
orderly put rogether, to make up the entire Cube or 
(125) And this 1s the Geneſfts of a Cube. vid. Fig, 

Aﬀer the very ſame manner, let the Root (25) be 
made Binomial and cut into two parts, viz, (20) and 
(5) and the greater called A, and the lefler B 
4 hen 

The Cube of the greater A 20 1scqual to---8000 

The Cube of the lefſer B75 is equal to—— -125 


7 


The greater Parallelepzpedon,, or (Aq imo B) is e- 


qual to mm - - -2000 
The leſſer Parallelepipedon, or (A into Bq) 1s equa} 
LO — SY - $SOg 


Dr IS 


—_— 


]hen 


O04 wmeo 
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Then { The greater or |Ac|-8009 
to theſe two Cubes, namely 2 The leſſer, or; Bc!--125 

Adding [ 
Three of the oreater Parallelepi- 4 (Aq) into (B) 2000 
pedins , vIR. Q (Aq) into (B) 2000 
And (A) into (Bq) 5oo 
Three of the leſſer Paralepine-) (A) into (Bq | 500 
d ons gui%, (A) into (Bq) 500 
Summe —.1 2 

The total Summe of all-the eight which : whe 


is the Summe of the entire Cube which G----15625 


 amounteth to- . - 
All which is conſonant to that Theorem of Raznus, 
(which is in imitation of that of Exclid concerning a 


Square Number . 


— — — — 


P R A MI Geometr. 
Lib. X XI111, Dc Cubs pag.l3s. 


F* a right Line be cut into two Segments, the Cube 
of the whole ſhall be equal to the Cubes of the Se- 
oments, and thrice the double Solid made of the 
Square of one Segment, 

Thus in'the laſt Example, the Square of the greater 
Segement, multiplied by the leſſer, and the Square of 
the leſſer Segment multiplied by the greater Seg=- 
ment, (for that is meant by the double Solid made of 
the Square of the one Segment into the other Segment) 
1s (2500) - 

And, The triple of that (2500) i$—— 7500' 

To which adding the to Cubes,or $125 
The total is the entire Cube, viz. 156925 

After all this, it will be eafie for the meaneſt ca- 
pacity ro conceive, that whilit by the vulgar Rules 
of Extratting the Cube-Root of 156 2 5, the firſt 
Cube of (8) is ſubtrated out of /15) it is indeed 
(8000) or ( Ac) that js the Cube of the greater Seg- 
ment ſubtraRed out of (15625) whoſe Cube-Root 15 

(2 OL 


(Aq) into (B) 2000 


ES MT ITE RGA 
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(2) or in appearance, but in reality is (20) or the 

reater Segment (A) 

Again, whereas in the yext place the yu'gar Rule di- 
re&s, to ſet down the triple of the firſt found Figure 
(2) under the laſt Figure ſave one of the next (Cxbe- 
Number, viz. (2 ' and then to ſquare that (2) and fo 
make it (4 and then to triple that (4) and ſo make 
ir (12), And then to find how many times that (12) 
can be found iu the remainder, or (7625) ( which 
ſuppoſe to be 5 times | with this provifion, that after 
(12 ) has been deduRted thus 5 times out of {7625 ) 
there ſtill remain a Number, either greater or equal to 
the Square of that ' 5), that is (25) multiplied by the 
triple of the firſt-found Root (2) more by the Cube 
of 5) tbatis (125) andifſo, the work ſtands good, 


and the Cube Root 1s (25). 


The true meaning of all is this, 


1, The firſt found Root /2)is Really (20) and is the 
oreater Segment (A) 
The Square of that (20)is/400) and is (A ' Square, 
The Triple of that. (400) is 1200) andis (A) 
Square thrice. 
. This (1200) isfound in (9625) 5 times, which 
(5) is ths leſſer Segment (B) 
. This (1200) multiplied by (5) or (B) makes 
(6000) andis thrice (A) Square into (B) 
. The Square of that 5) is (25 | or (B) Square. 
7, This /25) or (B) Square multipled by (6) or the 
triple of (A) makes (1500) and is (A) into 
{B) Square thrice. 
$. The Cube of this (5) is (125) or (B) Cube. 
All theſe 'being added together, makes up the en- 
tire Cube, 


mm $ wy 


That is to ſay, 
A, Cnbe, or the Cube of :the.greater 'Segment<--8 00 © 
2, A Square.intoB, or the triple of the folid 
Number made of the Square of the great= \_ - 
_— -.6000 
er Segment multiplied by.the leſſer Seg- 


—— ——_— 


3 (A) 


w—_ RD. A ow M9 
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3. Az into B Square, or the triple of the 


ſolid Number made of the Square of 
the leſſer Segment multiplied by the{, 
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---=I 500 


—— 


greater Seginent 


B Cube, or the Cube of the lefler Segment—1 25 


'® 


The total ſum is the- intire Cube - 


The given Cube Num. 


15/625 


Aggtegate of 6 
the three for- 
mer ſums and 
equal to the 1/800 
Remainder a- 
boyeſaid, filzs 


71625 


—(A) Cube, | 


—— 15625 
(a2 the Binomial A : 
=20 


25 Root, wiz, 


Remainder 
(A) thrice 
(A) Square thrice 


Q (A)Square into (B)thrice 


pr thetriple of the greatet 


Parallel. x 
6 (A)into (B) Square thrice, 
or the triple of the leffer 
? Parallel: 
(B) Cube. 


| 
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CHAP.-XX. 


A plain and eafie Method of extratting the || , 
Square- Root of any Number , ( how gr eat ; 
ſoever) without the help of either Adut- 5 
riplication, or Diviſion. ; 


6 
For Example. 2] 6) J 6 : | 

Let the Square number be———— 5s alza'ss| | 
Here are therefore 4 Figures 1 g 0 

in the Root, x oh : 
the firſt, viz. (2) is found by 1 | $ 
inſpe&tion, $34 ; - 

The ſecond 1s had by the Tariffa|__| S{2!] | | 
(A) thus, 3113156] Þ p 

; Take the double of the firſt Fi- 3113/56; | 
| — 
| gure (2) viz. 4, and make a Mul- || ÞB | 
| riplicaton Table of it , mingling with ———— Þ , 
| the reſpe&ive Produs, the Squares . 


of the 9 Digits as in 4, So ſhall you by inſpeRion 
F fand that 276 being the neareſt Number to 284, | c 
ſtandsover againſt 6 in the Margint, and therefore Þ |, 
(6) is the ſecond Figure of the Root. Lc 
v 


ABC 


3 C 
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A PE C 

CONE ELEC EFPE 

8 |«| 2jiloſ4ls | 2[tlelas 
r{zi9| 3[ils [6 [9 | 315 l6(dlg 
|x| 6 2 | © I "ff 
| - 1.3 lh "IT81% by Rl 
Ilzls| I 0 abs | 40 bl 
"Tabs | PI; 
YHABMENNG in 
DEE ICT: | 1439 
Sv 
Ihe SY TE TI 
3] 6 | | | 
HHHAEHELZE 1)! 


In the next place, L offer to make rhe Tajiffs 


B, for the double of the two firſt Figures 2 and 6, 
viz 52. But by inſpeCtion, I find that it is need- 
leſs to fill up the ſpaces , the very ſecond Produ& 
being too great for the Number 834. Therefore(1) 
muſt be the next Figure of the Root, 


Laſtly , TI make a Tariffs for the duuble of the 


firſt 3 Fignres of the Roor, 2,6,andt, wa. 5220 
And by that time I come to the ſeventh place , I 
find that 6 1s the laſt Figure, for it gives me 31356, 
which 15 the very Number | ſought for. 


This Method is the moſt certain, and has tha 


E Þ 


leaſt of difficulty in it of any Methods I ever yet 
ſaws. | 


CHAP. 
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CHAP-HAL 


Of Proportions Arithmetical , Geometrical, 
and Muſical. 


F. Arithmetical Proportion or Habitude, is au 


Equality of Differences , Thatis to ſay , when Þ 
ſeveral Numbers have one and the ſame Diffe- Þ 


rence : And this Habitude is two-fold, 


J= Ontihued : When of ſeveral Numbers , 

A the lecond exceeds the firit by the very ſame 
Unity or Number of Unities, as the rhird doth the 
ſecond, ane as the fourth doth the third ; and ſo 
in Infinitum, Thus, T1; 2, 354, 55 6,7, 8, Oc. 
difier by an Unit, And 1, 3,5, 7,9, ©c. have 
their equa] Difference ( 2.) The orderly proceeding 
of which Numbers from the leſſer to the greater 
in. a'Scalal-way, 1s that which is properly called 
Arithmetical Progreſſion, 

2. Disjun&t, when the ſecond exceeds the firſt 
by the ſame Number of Unis, as the fourth doth 
the third , but not as the third doth the ſecond. 
As for Example, 1, 3,7, 9, are four Disjun& Ariths 
eretical Propertionals. For (3) exceeds (1) by the 
ſame Number of Units as 9) doth (7), but not 
as (7) doth (3). And thus, 2,7, 10,15, are 
four-Proporttivnals of the' fame kind , for (7) ex- 
ceeds (2) by 5 , Units, andſo doth (15) exceed 
(10). : | 
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2, Geometrical Proportion or Habitude , is th® 
Equality of Ratio's, that is to ſay, is 1s that 
which ſhews what part or parts one Number 
is of another. 

Thus, (Iz 2, 4: 8) (244, 3, 16,) C3» Gy, 12, 24) 
(4, $, 16, 32, 64) are Geometrical Proportionals : 
For in the firſt Examplezas (1) is the halt of (2), fo 
is (2) the half of (4), and again, (4) the half 
of (8), as may be ſcen in the following Tables. 


3- ufical Proportion or Habitude . is when the 
firſt Number hath the ſame Proportion 10 the 
third, which the Difference between the firſ 
and the ſecoud hath to the Difference between the 
ſecond and the third, 


Asin (3,46) > (3) 1s the half of (6), and 
ſois (1) or the Ditterence between (3) and (4) the 
half of (2), or the Difterence between (4) and 
(6); and foin (6,8,12). But of this in its 
proper place. 

That which is at preſent to be handled , is the 
Nature, Properties, and Similitude- of the two 
firſt kinds of Proportion, Namely Arithmetical and 
Geometrical , which may be viewed 1n their feyeral 
Progreſſions, by the following Tables. 


E 3 Arith- 
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Arithmetical Progreſſion: 
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2 

3 99 T2] 15] 18] 2I} 241 27] 30} 33} 36) 
4| 8] 12] 16| 20 24| 28] 32] 36} 45] 44 4.8, 
5jlo[ I5| 25] 25] 30] 35] 40] 45] 5of 55} 60 
6112] 18] 24\ 30} 36] 42] 483] 54] 60] 66] 72 
7114] 21] 28} 35] 42] 49] 56] 63] 79] 77] 84 
8j16] 241 32] 401 48] 56] 64] 72} 80] 88; 96, 
9/18] 27] 36] 451 54] 631] 72] 81] 90] 99jro8 
Io[2oſ 20 4of 50| 60] 70] 8of 921100jtlojr120| Þ 
I1jz2| 33] 44] 55| 66] 77] 88] 99119121 132] Þ 
12124] 26] 48| 60] 72] 84] 96|108|120[132]144\ Þ 
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345 8[102ſl 3611791204 23812721306|340/374{498; 
2<[72j105]140[175121012451280]315]3501385 of 
36 72]Lo08|I44|180 2I6{25 25288 324\360[3961432 
1371741111] 45[1851222125 9:29613331370[407}444- 
3817611 14|l5 2[190{2281266{304/34 2/3804 18[456 
3917510 171156119512 34/27 3131 2135 1139014 291465! 
401011 201160J200{2475/2$013221360/40014401J480; 
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In this Progreſſion it is more viſible then in any 
other, how Addition and Sub/trattion in Arithmetie 
cal Progreſſion anſwers to Multiplication and Div. 
fion in Geometrical Progreſſion. For, as 1n Geome- 
trical Progreſſion , 1000 Multiplied by 100, 096 
produce 100,000,000 3 So 1n Arithmertical Progref- 
fron, the Number anſwering to 1000, and 190,000. 
viz. (3) and (5) being added together make ($), 
which anfwers to the Product 100,000,000. Again, 
as in Geometrical Progreſſion (100,000 000) being 
divided by (100,000) the Quotient is (1900,) So 
in Arithmetical Progreſſion, 1t from the greateit of 
their Coreſpondent Numbers, viz. ($) you Sub- 
itra& any one of the other, viz. (5,) the remainder 
3s (3) and anſwereth to (1000. ) Arithe 
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I. Refletion. 


AIOSANTOY AAEZANAPENE TIEPI 
HOAITONQN APIOMNAN. 


Prop. Tertia, 
B.G-:y+:+#..6. B;A..G..D..E 


; AV amy 'ae10 pos, fc. If Nenmbers (how 
many ſoever they be) exceed one another by ans 
equal Interval, then the Interval between the great« 
eſt, and the leaſt, ts Multiplex of that equal Interval, 
according t0 the Multitude of the Aumbers propound- 
ed, leſs by one. 
Let the Numbers propeunded be four, viz. 
BA[ [BG] [BD] [B E| whoſe common In- [A G 
| I | | 3 | 5 teryal 1s equal to | 2 


ho 


7 
By the Hypothefss ws is the Interval betwcen 


and the leafiſ*, "|: Ard likewiſe 


AC E 
the three Numbers Y AY wo 

them equal to the Common Ditterence , and equal 
the one to the other. And the muititude of them 
equal tothe Multitude of the Numbers given leſs 
by one (viz. the leaſt.) And laſtly, the Aggregate 


. 


of theſe three Numbers is equal to the Interva}| - 
(the parts united being equal tothe whole.) 


the greateſi|*” 


and eyery of 


That 1s to ſay 
FG or the Interyal between the greateſt I and 
the leaſt ; {is Multiplex of the common Interyal 


A G 
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I, Refieition. 


F Nambers (how many ſoever they be) contain 

the one the other by an equal Ratio ; Then the 
greateſt of thoſe Alumbers 1s Multiplex of the Poxoers 
of the Denomination of that equal Ratio Multiplyed 
by the leaſt, according ta the Multtude of the Num- 
bers given, leſs by one 

This Refleion I have framed for Geometrical 
Proportiouals, 1n imitation of that Diophantus for 
Arithmetical Proportionals. 

Let the Numbers given be Four, v1z. 2,6, 18, 54. 

And let the Denominator of the Ratio be 3, 

Then by the ZHypothefss , the firſt Multiplyed by 
(3) is equalto the ſecond ; and the ſecond Mulrtt- 
plyed by (3) is <qualto rhe third; and the third 
Multiplyed by (3) ts equal tothe fourth « And fo. 


in Infiutum, Do = 
- FISY a2 
That istoſay , 8 E. =o Þ hw 
% AQ S'S ox —_ Ry 
Sg TW, IT VSY 
D DS WV 
© = IQL £ 
: II'S 4 
1. The frft Term(2) is equalto 2 >=" 
2. The 2d Term (6) is equalto 2 into z3 WwLYL I 
3. The 3d Term(18)is equal to z into 3into z yay 


4, The 4th Term(54)is equal to 2 into 3 mto 3 into 3 


That is to ſay, 1n a Symbolical way, 
Let there be any Number of Proportional Num- 
bers 95 325g A, B, C, D, E, F, G7. And the Denumt- 
nation of tke Ratio be R, 


AA 
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\ Oaccording to the Multitude of the Numbers 


propounded leſs by one, Which was to be Demon- 


ſtrated, 


In a Symbolical way , Thus , 
Then Jet the Terms be A, B,C,D, and the 


Common Difference E. 
Thus, 
A—=A 
B—A-[-E 
C=A.|-E-|E 
D=A-|-E--E-|-E 
In plain Engliſh thus , 


iſt Term (1) 18 equalto 1 
2d Term (3) is equa) to 1 more by 2. 


3d Term (5) is equal to 1 more by 2 more by 2, 
4th Term(7 is equal to 1 more by 2 more by z more by 2, 


That is to ſay , by the Hypotheſis, the greateſt 
Term is equal to the leaſt, and as many Differences 
as there are more Terms befides the Jealt ; there- 
fore the greateſi Term leſs by the leaſt 1s Multiplex 
of the Difference according to the Number of 


Terms leſs by one. 
| As was to be Demonſtrated. 


Or thus , 
AA 
B= A-|-1E 
C=A2E 
D=—=A+3E 
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A=A 

B =Ainto R : 

C—AintoRintoR | 

D =A into R imtoR into R | 

E =AintoR intoR into R into R 
E=AintoRintoRintoRintoR into R 
G=AintoRimoR intoRintoR into R jnto R 


Or thus , 
Powers 
A'=ZA of R, 
B = AintoR n——_—y 
\C = AintoR Square————— 2 
/D — A into R Cube — 3 


E — A into R Squared Square 4 
EF =A into R Squared Cube— 5 
. G = A into R Cubick Cube—— 6 


As this RefleQion carryes its evidence along 
with it, ſo is it of admirable Speculation and Uſe , 
as hereafter will appear. 


py 


E nmr A nu = _—- es 
= OOF ; ; 
rt mn nel nn -— Wb -rf2> > 02 A Yor PA EAR BC PIE nc eee n 


62 Arithmetical Proportion, 


IT. Reflettion, 
Here three Numbers are three Arithmetical 
WW Proportionals, the Sum of the two Extreams 
75 equal to the Double of the Mean. 


Let the three Numbers be (2, 4,6) 
And the Common Difference be ( 2 ) 


Then by the Firſt Reflection. 
The Furſt Term 1s 2 
The ſecond Term is 2 more by the Difference once. 
The third Term is 2 more by the Difference twice. 


Whence it is evident and obvious, That twice(z) 


more by twice the Difterence, 1s both the ſum of 
the firit and third Terms, and alſo the double of 
the ſecond or Mean. 

Which was to be Demonſtrated. 


Vid, Fig. 


> nd 


f 
f 
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II. Refledion. 


Eucl. Lib. 7. Prop. 20, 


"TY A's Tees acrf por, Wc. If there be three 

Numbers in proportion , the lumber contained 
under the Extreams , ts equal to the Square made of 
the Mean; And if the Number contained under the 
Extreams be equal to the Square of the Mean, hoſe 
three Numbers ſhall be ins Proportion. 

Let the three Numbers be (2, 6, 18) 

And the Equal Ratio ( 3.) 

Then by the firſt RefleCtion, 
The firſt Term is 2 A 
The ſecondTermis 2 into (3) AxR 
The third Term is 2 into(the Square of 3)AxRxR 

Whence it 1s evident and obytous in the firſt 
place, that the firſt Term drawn into the third is 
equal to 2 toto 2, into the Square of 3, 

Again it 3s eyident , That the Square of the 
ſecond Term isequal to the Square of 2 into the 
Square of 3. \ 

Bur theſe two are equal] ; That is to lay, 
( 2 ) into ( 2 )into(the Square of 3) — 35 
(the Square of 2 )into(the Square of 3 ) 36 
Ergo, 

The Produ@ of the Faſt Multiplyed by the 
Third , is equal to the Square of the Second or 
Mean. Which was to be demonſtrated, Vid. Fig. 


2 6 18 


| = #44 


36. 


04 


wW 


: 


* The 4th Tejm is 4 more by thrice the Difference, 


III, 


Firſt, let them be four continued Proportivadlss 
wig. (4x the 00; 383 
And their Common Difference ( 8 Y 


Arithmetical Proportion; 


RefleTion, 


Here four Numbers ave four Arithmetica] 
Proportionals , the Swm of the firſt and 
fourth, is equal to the Sum of the ſecond aud third. 


SC 2Ii s 


Then by the ſecond RefleQion. 


The firſt Term 1s 4 


The 2d Term is 4 more by once the Difference; 
The 3d Term is 4 more by twice the Difference; 


Secondly, let them be four diſcontinued Propor- 


(42 12, 30, 38.) 
And their Common Difference (8) 


tionals, viz. 


Then by the ſecond Refiection, and the Hh- 


pothefts.. 


The farſt Term 1s 4 


Aa a 


The 2d Term 1s 4 more by or once the Difference, 


The 3d Term is 30 | 
The 4th * Terms 30 more by once the Difference, 
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TIE. Refleltion. 


Eucl. Lib. 7. Prop. 19. 


Av Trooges ,, Rc. If there be four. Numbers 
ty proportion , the Number produced of the firſt 
aud fourth, is Equal t0 the Number which. js pro- 
duced of the ſecond and third. And if the Number 
produced of the firſt and fourth be Equal tio that pro- 
duced of the ſecond and third ; Thoſe four Numbers 
ſhall be in proportion. 


Firſt let them be four continued Proportionals. 
viz. (2, 6, 18, 54); and the Equa] Ratio (;). 


Then by the Second RefleRion. 
The firft Term: 1s. 2. 
The ſecond Term 1s 2 into (3). 
The third Term 1s 2 into the Square of (3). 
The fourth Term is z into the Cube of (3 ). 


Secondly, let them be \four Disjoynt Preportionals. 
viz. (2,6, 542162) and the Equa] Ratio (3). 


Then by the ſecond Refle&ion,and the Hypotheſis. 
The firſt Term is 2. | 
The ſecond Term 1s 2 into (;), 
The third Term is 54. 

The fourth Term tis 54 into (3), 


6 Avithmetical Propentian. 


In the firſt Example't is evident , 

That twice(4 )more by thrice the Nifference(24), 

1s both the Sum of the Latredmns, and alſo the Sum 
of the ſecond and third, viz. 32, | I&D j 


ann” L. 


In the ſecond Example it is as evident z - + 

That (4) more b G0) more by once the Dif- 

ference, is both the Sum of the Extreams, and alfo 
of the ſecond and tbird Terms, 992. 42. - : 


vid. fig. © 


4» Refietion; 
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In the firſt Example it is evident by the Multi» 
plication of . Powers. 
That the Square of (2) Multiplyed by the Cube 
of (3) is both the ProduR of the Extreams , and 
alſo of the two Means, | 


In the ſecond Example it is as evident , 


That (2 into 3 ) Myltiplyed by (54) is beth the 
ProduR of the Extreams, and alſo of the Means, 


pid. Fig. 
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" N all Continued Ayithmetical Progreſſions, (how 

many ſoever the Terms be ), the Sum of the Ex- 
rreams is equal to the Sum of any two of the other 
Terms equidiffant from the Extreams , and to the 
double f the Middle Term, in caſe the Nnmber of 
Terms be odd, . | bs 


Let the Number of Terms be Seven. 
Viz. 3,6,9, 12, 15,18, 21, and the Common 
Difference (3), 


Firſt by the Hypotheſis. 
The four Numbers (3, 6, 18, 21) are four Pro- 
portionals. | 


Therefore by the fourth Refleion, 


: : eb 
Their two ſums, viz x 0-6 by = are Equal. 


Secondly, by the ſame Hypotheſis. 
The four Numbers ( 6, 9, 15, 18,) are four 
Proportionals. 


Therefore by the fourth RefleQion. 


, : mere by 18 
Their two ſums,v1z. : SS by 15 Care Equal, 


Laſtly , by the fame Hypothefis, 
' The three Numbers (9, 12, 15) are three 


P:oportionals, * 
IDOTI SS. * 


There- 


ec 


Pr 


du 


Pr 


du 


Pre 


on 


rO- 
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al, 


rec 
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I'V. Refleftion, 


N all Continued Geometrical Progreſſions ( how 

many ſoever the Terms he ) the Produd of the 
Extreams is equal to the Prodult of any rwo of the 
other Terms equidiftant from the' Extreams, and to 
the Square * the Middle Term, in caſe the Mutnber 
of Term s be odd, 


| Letthe Number of Terms be Seven. , 
Viz. (2, 6,18, 54, 162, 4856, 1458) ;z and the 
equa] Ratio (3). 


Firſt, by the Hypotbeſts, | 
- The four Nambers (2, 6, 486, 1458) ate four 
Propcrtionals. 


Therefore by the fourth RefleCtion. 
Their two Pro-Yzinto 1458 Cake 
duſts, viz. 6 int6 abs Wo 


Secondly, by the ſame Hypotheſis. 


| The four Numbers (6, 18, 162, 486) are four 


Proportiunals. 


_ Therefore by the fourth RefleQion, 
Their two Pro-$6& irto 48s 
ducis, wits i1$ into 162 { © Equal, 


Laſtly, by the ſame Hypotheſis 
The Three Numbzrs (18, 5 4, 162) are three 
Proportionals. 


F ; There- 
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Therefore by the third RefleQion, 
S _ more by 15 | 
12 doubled Care Equal. 


Therefore by the 1 Ax. Enclid. 
3 more by 21 Þ__. | ; 
6 more by 18( © all Equal one to a 


9 more by 15, nether, —_ 
12 doubled As was te be Demonſtrated. 


_— 
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Therefore by the third Refle&ion, 
I1$ into 162 
and -are Equal, | 


54 Squared 2). 
a- Wherefore , | | 
2 inte x45387Y do make 29163 and cons 
d, Y 6 into 436 ſequent]y are all Equal one 


18 into 162( to another : Which was to 
54 Squared & be Demonſtrated, 
Vid. Fig. 


6 --& 54 I62 4%6 1458 


= 


[52] 
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The foregoing Refleftions applyed to the 
Golden Rule, or Rule of Three, 


mr_——_ 


The Rule of Three, or the Golden Rytle, 
& i His Rule is citker Single, or Compound ; 


t» The Single Rule of Three. 

The Single Rule of Three, is whenthree Num- 
bers are Giyen, and a fourth Proportional De- 
manded. 

Now this Single Rule, 1s either Dire& , or 
Inyerſe, 

I. Diret, 

The Single Rule of Three Direlt, if when three 
Numbers are Given, and a fourth is Demanded , 
which bears the ſame proportion to the Third, as 
the Second bears tv the Fult, 


Example. | 
If 4 Acres of Ground coſt 89 Pound, what 
will 8 Acres of the ſame Ground coſt > 

To underitand this Operation , Jook back ro 

the third R:fl. tion upon Geometrical 1 roportiom , 

and you ſhall ft1d it Demonſtrated , thar it there 

be tour Proportionals, the Produd of the Firſt and 

Fourth is equalto the Product of the Secoi.d and 
Third, 

Wherefore in this Example, 
If the Product of the Second and Third Term, 
viz. 


E744 


viz. (640) be Divided by the Firſt , namely 
(4) The Quotient, viz. (160) is the. fourth 
Proportional ſought. 

And for a Proof of this, 

Ler the fourth found Term (166) being Mul- 
tiplyed by the firſt (4) ; the Product will be the 
ſame with the Preduct of the third Multiplyed by 
the ſecond, viz. 649, 


4 80 3- 160 


| 


— 640-- 


Fo 640 rain 


The Argumentatien 1s plainly thus , 

If the ProduCt of (80 by 8) be equal ro rhe 

Produdt of (4 by the known Number. ) 
Then, 

The Quotient wili be the very ſame, whether 
I Divide the Product of (So by 8, ) or whether 1 
Divide the Product of ( 4 by the unknown Num- 
b.r) by 4. Foreither of the Products being 640, 
the Quotient mult needs be 160. 

But now it 1s manifeſt, that if 

I Multiply 4 by r6o , and Divide the ProduRt 

back again by 4, it will give x60 for the Quotient. 


Becauſe, whatever Multiplication doth, is again 


undene by Divifion. And this 1s the true and 


genuine Reaſon of the Operazion in this Rule of 


Three, 
Thax 


ns d | —— ma n—vene ——_—— a = 


[74]. 
- SM one 
As (4) 1s found in (80) jult 20 times, ſo is (8) 
found 1n (160) juſt 20 times, 
| Or thus, 
As 4 Multiplyed by 2o makes 80, fo $ Multi- 
plyed by 2o makes 160. 


2. Example. 


If 801. will buy 4 Acres, what will 1 601, buy 2 
The Anſwer will be fognd as before, 


So - 160 8 


—40— 


EO ——— 


By Dividing the Produ@ of (4 into 160) v7. 
(640) by (80) For then the Quotient will be 8, 
For as So contains 4, twenty tunes, ſo 160 be- 
ing Divided by zv, the Quotient is 8. 
2, Inverſe. | 
The Single Rule of Three Inverſe, 1s when there 
are three Numbers given, and a fourth demanded , 


which bears the ſame Proportion to the ſecond, as 


the third doth to the firſt. 
: Example. 

If a qtantity of Hey will keep $ Horles 12 
Days, How many Days will the ſame quantity keep 
16 Horſes. 1 
Here 


Bn, pw A _-_ a _ wo cc 


Here it is obſervable,thar moſt of thoſe who haye 
hitherto. Treated of this Rxle of- Three , puzzle 
both young Learners and themſelves , with this 
diſtintion of Dire and Inverſe, as though they 
were twodiſtin& and different things, whereas in 
truth they are the very ſame thing, enly care muſt 
be taken how to place them. 
folding of this Queſtion, ts this , 

Look what proportion 16- Horſes bear to 8 
Horſes, ſo do 12 Days: bear to a fourth Number 
And they eught to be placed thus , 


I 


! 


And then the operation is the very ſame as be- 
fore x for the Produ@ of 8 by 12 is (96) which 
being Divided by 16, the Quotient is (6), whick 
15 the fourth Number ſought. 


For the true un- 


[76] 


2. The Double Rule of Three, 


NY 1. Dive@. 
And this 5 2, Inverſe, 


” 1. Diref, | 
FT He Double Rule of Three is when more theri 
three Terms are given; as the ordinary 
Books of Arithmetick teach us. 


1, Exam) le, 

If 4 Men ſpend 19 Pound in three Months , 
how . many Pounds will 8 Men ſpend in nihe | 
Months 2 A , 

The Reſojution of this Queſtion is thus per- 
ſormed. þ 

1. If four Men ſpend 19. what will 3 Men : 
fpend. 

Men, Pounds, Men. Pounds, 
W 

4 "9 RPO | 

| 


| 


w. 


[77] 


2, It 38}. be ſpent by any Number of Men in 


3 Months, how many Pounds will be ſpent by ſuch: 


a Number of Men in 9 Months > 


Months, Pounds, Months, Pounds. 
3 ZI Jl 


—34z— 
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2. Example, 
If 9 Buſhels of Oats ſerve 8 Horſes 12 Days, 
how many Days will 24 Buſhe's laſt 1 6 Horkes, ' 
p " Readitthns, _* 


1. If 9 Buſhels laſt 12 Days, how many Days 


w1ll 24 Buſhels laſt 2 


Buſhels, Days. Buſhels, Days. 
-P 12 24 3% 


[78] 
2. As 16 Horſes is to 8 Horſes, ſo is 42 Days 
- to 16 Days. 
Horſes. Horſes, Days. Days. 

16 8 32 16 


| 
—— 256— 


——256 — — 


And this 'is the whole Intrigue of the Goldes 
Rale, or the Rytle of Three. The which being 
rightly underſtood , (together with the foregoing 
RefleRtions on A4rithmetical 'and Geometrical Pro- 
portion). thoſe other Rules of Fellowſhip, and 
Alligation, as likewiſe the Rule of Falſe, will not 
be at all difficult, And therefore I think it 
needleſs to multiply Examples. | 


hm n——_—_— 
2982 
852 
1298 
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The Diameter of any Circle being gives is Integets , 
to find the Peripherie, and the Square-Root of the 
Area, in infinitum, withowz the help of either | 

Multiplication, Diviſion,orExtraGtion of the Root. | | 

Or Example, Let the given Diameter of a Circle | 
be 251. And let it be required to find the Pe- 

sipherie (or Circamference.) Firit I ſet down (300, 

under that (50,) and beneath that x, as ih the fo]- 

lowing Operation.” This done, I firſt ſeek the Peri- 
pherie of a Diameter of (3) inthe ſubſequent Fable, 
viz, 9,42477795, and becauſe it is the place of 

Hundreds, | add thereto on the right hand two Ci- 

phers (00,) Then, under that Sum I ſet the Number 

of the Peripherie of (5.) adding to it one Cypher , | 
becauſe it is the place of Tens (viz. for 50.) Laſtly, \ | 

I place under the two Sums aboveſaid the Periphes ie | 

of (1.) without adding any Cypher, becauſe it is the 

place of Units. And adding theſe 3 Sums together, 

(evermore diſtinguiſhing the Integers from the 

Frafions, after the 8th place from the right hang , || 

with a Comma, or Line of Seferation) the Sum, ct | j 

| 


Aggregate (viz. 1102, 6990215) is the true Peri- 
pherie of that Circle, whoſe Diameter is 351. 
300—— 942 | 4777,9500 
5$0—— 157 } 079693250 
I—— 3 | 1415,9265 
351 ſums ttoz | 6990.20t5 
After the very ſame manner.if 1t wete required ts 
give the $quare-roor of the Area of that very Circles 
whoſe Diameter 1s 351,I add the 3 following Sums, 
and the Aggregate is whatI defite, For Example. 
Z00———265 | 8680;7700 


CO 44] 3113,4620 
I —— © | 8862,2692 


35I fam 311 ©656,5OI 2 | 
If the firſt place ot the given Diameter be of 
Thouſands , there miſt be 3 Cyphers ; if of Jes of 
Thouſands, there muſt 4 Cyphers be added on the 
tight hand; and ſo in Infrnitym, . G die- 


— <— _—_ 


PW | 


Diamet.|| Peripherie. ||Square-root of the Area 
——1 ||_ 31141549265} 8362,2692 
— 2 ||__62$31,8530 . I $7724+5385 
— 3 ||_:9424757795|]_____2|6536,8077 
4 || 121566 347060 3 15449-0770 
5 ||_15}797996325||______4[4311,3462 
6 ||_18|8495,5590 $ [317346155 
__ 7_||_21;19911,4855|| 61203598847 
MEL] of 2.0 do ihe. | NODES A \.../ Abu Jn 
9 || 281274343385 7 19769,4232 


Bur in caſe of trations, as for Example, if the 
Diameter had been given 3514, and the Peripherie 
were demanded : The way 1s, to take £ of 3, 


141539265. (viz. 0,7853,9816) and to add it to 
T102,6 990, 2015, which makes 1103,4844,18 3T 


for the Peripherie of that Circle whoſe Diameter is 
is 351. And the ſame method is to be uſed for 


any Fradtiou whatſoever, 


| The Circumference of a Circle being given to find the 
Diameter, aud the Square-root of the Area, in In- 
finitum, without the help of either Multiplication, 
 Diviſuen, or Extraition of the Root. 


| Circ. | Driameter. 


TEN, . 


3133,0988 


2 


636641977 


9549,2965 


__—_— 


2732,3954 
3915-4943 


ERAY 


Es 
HEE. bt 
6 


9998,5931 
2281,6920 


* AH 
$ 


Es tt 


5464-97 905 


elela 


#1 


This Table is 


ner with the former, 


864348897 


Square-root of the Area| 
-  -.4.2$20,9479 
$641,895 $ 
846248437 
1 | 1283,7916 
1 | 410447395 
I' | 6925,68 75 
I | 974646354 
2 | 2567-5833 


2 |5388,5312 | 


to be uſed after the yery ſame man- 
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A Table of the Fixed Feaſts , and othev 
Solemn Days to be obſerved in the 
Church of England; 


All Sundays. 

Niro or Circumciſion —— Fan; x 
Twelf day, or Epiphany — fan. 5 
Martyrdom of K. Charles I, — — Fan. 30 
Purification of the Virgin 24ary — Febru, % 

LADY-DAY, or the Annuntiation _ 
of the Virgin Marj u=—n—— Mar. 25 
AMark Evang. —— April 25 
May day, or Phillip and Facoh — May «x 
Birth and return of- Charles IE. May 29 


MIDSUMMER or Fohu Baptiſt. ——— Fune 2.4 


Fames Apoſtle Fnh 25 
Bartholomew Hpoſth — Ang, 24 
Aaithew Apoſtle —— Set, 3L 
MICHAELMAS, or Mich. Archangel -- Sept, 29 
Luke the Evangeliſf ———————— 0s. 18 
Simon and Fudt ————— — — Oo. 28 
All Saints —— — ——— Nov. I 
Powder Treaſon ———— No, 5 
Andrew Apoſtle —— Nov, 39 


Thomas Apoſtle — —— Dec, 21 
CHRISTMAS, or Birth of 01 our Lord — Dec. 25 


x Stephen -—— Dec. 26 
St. Fohn Evang. —— — Dec, 27 
Innocents ——— emmy mw Dec, 2.3 


Ts Othet 


— 


Other Remarkable Days. 


Mex CPS: - Feby. 14 
Equal day and night- — Mar, 1o 
St. George — _ ——— April 2.3 
Longeſt day, or Barxeby _ Fune 11 
Swithin Wm mnm— —— Fuly 15 
Lammas — — - — Aug. 2 
Equal day and night: Sept. 12 
Shorteſ day ———————— Dece. 1 


HILLARY TERM. 


Egins nn mmm rt Fan. 23 
Ends — —— Febr. 12 


and hath Four Returns. 

x, Ofab. Hil. — — — Fam. 20 
2, -Quind. Hil. —————-—— fer, 29 
3, Craſt. Pur. ——— ——ke,,; 
4. Octap. Pur. —— — —— tebr, 1o 

MICHAELMAS TERM 
Begin ——————— — O@tob, 23 
Pld $——— onenommemo — _ —— Nov. 28 

and hath Six Returns. | 
1. Tres Mich, ————— — Oo. 21. 
2, Menf, Mich. ——————— ——— 0fo. 29 
3. Craſt, An. _ — ——— Ao, 4 
4. Craft. Mar. - a 0,7 
5. Oct, Mar, —————— Nov. 18 


6, Qun. Mar, 


wv Sm -wo > 
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The Uſe of this Table. 


I. Eek the name of the Month in the Jef. 

nand Margent, and guiding your' Eye to 
(1) 1n the Table, find out the day of the Month , 
which you ſhall find either aboye, or beneath in 
that Column, 

2. From that day of the Month 8 ovide your 
eye back tothe Numher in the Jeft-hand {Margent 
that ftands againſt it in the Column wnder the 
Title ( Day of the Month,) + 

2. From that Number guide your Eye to (1) 
in the Table, and 1n that Column find the Number 
that is the Number of the Prime for that Year, and 
from thence guide your Bye to the right-hand 
Margent, ſo have you your defire. + 


Example. 
The Tenth day of ay, 1665, I defire to know 


1 what Sien the Moon is, &c. 


1. The Prime for that Year 1s I3. 4 

2. I find May in the left-hand Margent , #hd 
ouiding my Eye to (1) in the Table, and in thar 
Column-to 10 the Day of the Month, I bring my 
Eye back to (17) in the left-hand Margent. 

3. Ilook tor 13 among the Primies, and from 
that guide my Eye to (1) 1n the Tabve, and finding 
the aforeſaid Number (17 1n that Cuiumo, Ido 


| 5m that, guide my Eye to the right-hand Mar- 
gent , and find that the Moon upon the Tenth, of 


Aay, 1665, isentring into Leo, , and goygns 
the Bowels and Belly, | 
| A 


A Table ſhewing the time of the Moons com- 
ang to the South, and quantity of her ſhining. 


The | Moons Moons | 
| Moons | ſouthing | age for 
age. & ſhin, | her ſhi. 
I 16 oO 48 x 29 
2 - 17 I 36 2 28 
3 18 | 2 24 3 a7} 
4 19 3-13 4 26 
5 20 | 4 0D F T5 
6.2 | 4 48 |]. 6. 24 
9 i2| 5 36] 7. 23 
8 23 6 24 8 22 
9. 24] 7.0. 9 2I| 
lo 25 8 00 10 20 
Ii 26 8 48 IT 19 
T8" :27 j. 9 - 36 f Wop 
I3 28 | 10 24 © HS 
I4 29 | 11 12 I4 16 
IF 32 | 12 00 S) 
The wſe of this Table, 


Ind the Moons age in the firſt Column , and 
next againſt the ſame towards the right hand , 
Js the time of her coming ta the South ; which 
from the New Moon to the Full Moon, 1s always 
in the Afternoon, but from the Fall to the New, 1t 
Is in the Morning. | ” WW 
| | Example. 

May 12. 1671. the Moon'is fourteen days old , 
which I find in the firſt Column, againſt which , 
towards the right hand in the ſecond CoJumn tis 
oh I2, which being before the Full of the Moon 
T conclude that the Moon comes to ſouth May 12. 
207% WE32 ONE RO 20g 56 Miangiors paſt 

| | To 


$$$5$$$$$$$$$4$0430064044 


, and 
and , 
v hich 
ways 
wW, 1t 


— l 


To know how long the Moon Shineth, 
Enter the third Column with the Moons age ®: 


and againſt-it, on the left hand, you have the time 


of her ſhining, which all the time of her Encreaſe, 
being added to the hour of Snn riſing , gives the 
time of her riſing : But if added to the time of 
Sun ſetting, giyesthe time of - ber ſetting, | 


But after the Full, 

Take the time of her ſhining from the Suns ri- 
ſing, and it gives her rifing 5 and then take the 
ſame from the Sun ſetting, it gives the time of hex 
ſetting, 


Example. 
May 12. 1671. the Moon is 14 days.old, and I 
find 11 hours, 12 minutes , fer the time of her 


ſhining, (which being added to the Suns rifing) 


upon the twelf of May, 1671, (viz. four hours) 
makes 3 of the clock, x 2 minutes, for the time of 
the Moons rifing the next Morning, 

Again, to the ſaid 1x hours, 12 minutes , add 
$ hours from the Sun ſetting , it gives 7 hours, 
12 minutes for the time of his ſetting. 

Though theſe Rates are not altogether exaQ, 
yet they come near enough the truth, for ordinary 
uſe, 


y 
ty 


A Tide-Table of certain Havens in and about Eng- 
Jand: whereby may be known what Moon makes 
a Full-Sea in any of the ſaid places ; and how 
many ho. and min. are to he added to the time 
of the Moons coming to the South for the time 
of High- - water. 


South D ueenborough. Sonthamton,Portſ- H.M. 
and |month, Iſle of Wight, Spits, Kea-)@ © 
North |tiſb Kneck, half-Tide at Dunk: k 


N by E: |Redband, Weſt-end of the Xowr. 

Blacktail 

Graveſend, ; Downs, Rumney, Ten- 

wet, Silly halfe- tide, Blackneſs c 
| Ramkines, Senehead. | 

SW By S{Dundee, St. Andrews,” Lisborn . 

N E by N NiSr. Lacks, Bell Iſle, Holy Iſle. 

5 WJ Laden » Titmvonth, Hartle; o0l- 
Whitebay, Aint dui, Gaſcoign,! 3 © 
Brian. Galicia, UF { 3 

S* W by mi |Harwick, Humbrough-head, Brid- | SE 

NEbyE ts bay , Burdeus, Oftend ,\'3 45 

{ztu(bing, 1 Fountneſ[s. J 
XS W | Scarborough quarter-ride, Lawre EE 
E N E |nas,Severn, Horkhave, Dnugarum,| 4 30 
Morunts-bay,King (ale,Calice-Creek | 
W by S | Newcaſtle, Humbcr, Falmouth $ al 
E by N {t5, Dartmonth, To bay, St. Mal- 
lows, Foy, | Garſy. Liz, 
"Eaſt Plimonth, 1 Weymouth , Hull, 1yn , . 
and |Dawvids head, Antwer) , Lundy ,\| 6 © 

Weſt | Holm of Brifthl | 

 E by > [8r1/#01, Foul-eſs at the Siart, 

WhN 


wr 


oO 45 


S by W fond " Maldon, Aberdeen , 


— 


S Sw 
NNE 


I 20 


2 I5 


ſj IF 


—_— 


'6 


en. 


ESE |Milford, Ariderwnarer, Lands-end,|H.M. 
W NW |Waterford, Abermorick, Cape «Cleer, 7 30 
Texel. 32 


S E by E |Portiand, Peterport, Harflew, the 


N W by W\ Hague, S. Magnes. ſouth, Dubin 8 15 


Lambay, Macknels Cape. 

-.- 1 >, Hellen, Carnes, Orkney , 
Kair-Iſles, Kildew , Man-Iſle ,19 
| Baſs-Iſlands. 


' SE by 5 |Needles, Laiffo , North &% South 


N W by N Foreland. Aki 
. SSE |Tarmouth, Dover, Harwich, S:Johu| 
N NW j|&4e Luce, Calice Road, Bulle. 30 
'S byE ” [0 ok Goree, Thames , 
The Uſe of the Tide-Table. 
Examftle, 
Ay 12, 16751, I would know the Full Sea 
at Lendox, 


. By the foregoing Rules I find the Moon 
-_ ro South at 11 of the clock, and 12 Mirutes 
paſt, at Night. 

There I Tek for London in this Table, where 
I find that a S. W. or N. E. Moon nakds a Full 
Sea,and on the right-hand I find 3 hours o minutes, 
which muſt be added to the Moons Southing. Thar 
1s 3 hours, o minutes; -added to 11 ho. 12 min. 
makes 4 a clock and 12-minutes the next Morning, 
for High Water at Lendon- Bridge. 

So k tor any piace and day . the hours and 
min. inthe Tablc, are tobe added to the Moons 
Southing , which gives che true tune of High- 
watcr for that place and day, A 
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| throughout the whole Year. 
8 T April May. 7une. 
| 2 = {7 un Fay - Sun | Sun |] Sun | Sun | 
: =y riſes, | ſets. | | riſes. ſets. || riſes, | ſets. | 
* | H.24|H A || H. 11H. 24.|| H.34|H.A. | 
1 5 1616 44]| 4 1917 421] 3 4218 18 ; 
2 || 5 1415 46[]4 17]7 43}] 3 4218 28 
3 {| 5.22]5 48114 2517 451| 3 428 28| | 
| "4 || 5 Toſs 5a[[ 4 14]7 461|| 3 4118 19 
5 [|S 81% 521] 4 12]7 481] 3 4118 19 
& ||5_$Þ*_ 541] 4 117 491] 3 4118 19 
7 115 $1 S5]] 4 19]7 5off 3 4118 19 
8 [| 5 31% 57]] 4 $17 521] 3 4118 19 
9 [|S 21* 58114 717 531] 3 4148 19 
IO 5 ol7 Q1]|4 617 54 3 4118 19 | 
Ir [| 4 5717 31] 4 417 $61] 3 4118 19 | 
12 [| 4 $5]7 S114 317 571] 3 4118 19 
- 33 [1 4 5317 7114 27 581] 37318 T9 
| x 4 5117 21] 4 os o 3 4118 19 
15 [1 4.49]7_IFI] 3 5918 I 3 4118 19 | 
T6 || + 47]7 131] 3 5818 2[1 3 41]8 15 
; 17 [| 4 4517 351}|3 5718 31] 3 418 15 | 
18 || 4. 43]7_ 271] 3 $618 41[ 3 4118 19 | 
75 || 4 41]7 19 $ "4:18 18 
19 3 55 51] 3 4218 18 
20 [| + 397 2113 5318 7j1 3 4218 28 
q 21 [| 4.3%7 221} 3 5218_8j1 3 4218 18 | 
| 22 || 4*36]7 241} 3 5118 91] 3 4318 17 | 
23 4 3417 26 3 Foſs 10 3 4208-15 | 
24 || 4_32[7_ 281] 3 49ſ8_1x1| 3 44ſ8 16 [..4 
25 [| 4 39]7 39j| 3 4818 12|| 3 4518 15 | | 
| 26 || 4 2817 32]] 3 4718 13 3 2018 14 | | 
; 27 114+ 27]7_33]} 3 46138 _14}j] 3 47]8_13 [4 
þ 28 [| 4 25|7 35|| 34518 I5|| 34818 72 
; 29 [| + 2317 37]] 3 451% IF] 3 49]8 11. | 
L | 30 [=] LA}: 3 50}8 15! | 
y nw 13 43 8 17 _ | | 
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A T able Thewing the length 9 ” the | longeſt, 
Artificial Day , in all places from the 
__ Equinott1al, to the Poles of the World. 


.| Long. da = 


Long. day|Heig. 


| D. H. M. 


81122 17 06 
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541625 
641346 
74 00 00] 
82 06 36 
89 04 58, 
9617 00 
0401 04 
lIO0O727 
[161422 


[270955 
13404 55 
[393136 
145 0643 
[52 02 06 
15603 03 
[6x OF 23 
1661123 
1712147 
1760529] 
[812158 
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